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Silicone Sponge Rubber 


remains flexible at extreme temperatures 
— 100° F to 500° F 





COHRIastic R-10470 silicone sponge rubber has a dense, 
uniform, non-absorbing closed cell structure, highly suit- 
able for soft gasketing, vibration dampening, fairing strips, 
seals, pads, bumpers, dynamic cushions and other applica- 
tions where resiliency at extreme temperatures is required. 
It has superior compression set resistance, excellent die- 
lectric properties, immunity to aging, ozone and weather 
hardening and good chemical resistance — non-sticking, 
odorless, non-corrosive. 


COHRIastic R-10470 can be bonded to metals, plastics, 
fabrics or silicone rubber. Sheets 24” x 24” and in thick- 
nesses 1/16” through 1/2” are available from stock. Larger 
sizes up to 30” x 30” and special molded and extruded 
shapes are made to order. CHR silicone sponge rubber is 
sold nationally through distributors. 


FREE SAMPLES and folder — write, phone or use inquiry service. 
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Leader In Fabrication of Silicone Rubber 


R CONNECTICUT HARD RUBBER COMPANY 





COHRIiastic R-10470 
Silicone Sponge Rubber 


SPECIFICATIONS: 


COHRIastic R-10470 meets many specifica- 
tions. mane ore listed below: 


AMS 3196 
MIL-R-6130A type 2 
Boeing BMS 1-23 
Martin MC1 4546 
Martin MB 6130 
Bendix ES 0709 
Douglas DMS 1597 
Lockheed LAC 1-924 


PROPERTIES Range of typi- 
cal properties Typical | 
COHRiastic accepted 
R-10470 standards 





Tensile 50-130 psi 40 psi, min, 
Elongation 175-225% 125% min. | 
Water absorption 3-6% 10% max, 


(Immersion 24 hrs. @ 75°F.) 
Density, \bs./cu. in. .020-.030  .030 max, 


(firm) 
.013-.018 .020 max. 


(medium) 
Low temperature brittleness 
(5 hrs. @ —100°F., No No 
bend flat) cracking cracking 


Compression deflection (compressed to 75% of 
original thickness) 
Room temperature 


Type firm 12-18 psi 12 min.- 
range! 20 max. psi 
Type medium 8-14 psi 6 min.- 


range! 14 max. psi 
—65°F. pct. difference 
—10% to +15%! 
212°F. pet. difference 
+5% to +10%! 


Compression set (compressed to 50% of original 


thickness ) 
22 hrs. @ 70°F 0-5% 10% max. 
(firm)! 
5-30% 40% max, 
(medium)! 
22 hrs. @ —65°F 0-5% 10% max. 
(firm) 
5-30% 40% max. 
(medium)! 
22 hrs. @ 212°F 10-25% 30% max. 
(firm)! 
20-50% 60% max. 
(medium)! 


1 ASTM D 1056-56T 


CHR products include: 
COHRIastic Aircraft Products — Airframe 
and engine seals, firewall seals, coated fabrics 
and ducts 
COHRIastic Silicone Rubber Products — 

Silicone rubber moldings and extrusions, sili- 
cone rubber sheets, silicone sponge rubber 
Temp-R-Tapes — Pressure sensitive, thermal 
curing Teflon and silicone tapes 

Allied Products — COHRI|astic silicone 
cements and conductive gasketing 


Main Office: New Haven 9. Connecticut 
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ELECTROMECHANICAL DESIGN is circulated only to qualified re- 
search, development and design engineers in all branches of industry in 
the Continental United States, including government installations and 
universities. You can qualify for a complimentary subscription by sending 
ns the following information on your company letterhead: your name and 
title, your company’s products; the number of engineers in your depart- 
ment, the number of engineers in your company and a description of your 
development and design functions. Please indicate whether your major 
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IMPACT OF NEW COMPONENTS ON PRODUCTION TECHNIQUES 


transistors themselves, causes production problems. 


Electronic sensing replaces conventional limit switch. 


Tiny microwave device doubles range of radar systems. 


Molded fiberglass harness cuts space, improves performance. 


ANALOG-DIGITAL CONVERTERS, Part III 


Performance characteristics of commercially available analog-digital converters. 


ELECTROMECHANICAL SWITCHES, Part I 
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CREATIVITY IN SELF ACTUALIZING PEOPLE, Part II 


freedom, spontaneity, perspicuity, integration, and self-acceptance” that underlie 


PRODUCT INDEX 
ADVERTISERS’ INDEX 
DATA SHEETS FOR YOUR THREE RING BINDER 


SUBSCRIPTION POLICY 
















in Applied Electromechanics 
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analog-digital converter manufacturers. 
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engineering function is electronic, mechanical or electro-mechanical. The 
letter containing this information must be signed by you. Address changes 
for current subscribers require a re-statement of above qualifications. 

Home subscriptions to qualified subscribers are available at a service 
fee of $2.00 per year; subscription rate for non-qualified subscribers, 
$10.00 for one year only; library, group or company subscriptions, $10.00 
for one year only. All foreign subscriptions, $20.00 for one year. Single 
copy $1.00 when available. 









basic snap-action switches 


FOR AIRCRAFT, MISSILE, ELECTRONIC AND INDUSTRIAL APPLICATIONS 


‘ @ quality engineered 
designed to meet human factors 


@ over 60,000 switch and actuator 
variations available 
p —— @ adaptations can be made to fit your 
requirements 
a i 7" Ait lias 


single pole 





A2-2/S2-4 
roller lever 





A3-24/S1-4 
t A4-1/S1-4 A4-25/S3-4 ; 
L.W.H. 1%" x4" x4" ore removable plastic 1 colated button 

Elec. 10 amps @ 125/250 V.A.C. 
Rating: 10 amps @ 30 V.D.C. 
Operating Force 9 to 15 oz. 





Amb. Temp. —100° to +375° F. guqm me a 
actual size Termination: Sl—end solder, 
S$2—screw 
S$3—side solder 
S series $5—U-bent 
—long screw AS-1/S2-4 AS-7/S2-4 7" 
eror For switches conforming to Military oe Dy” 02-4/83-4 
and U.L. approval, write for details. Interlock, 


Reset types also available. 


single pole 


L.W.H. 1-3/32” x 13/32” x 4” 
Elec. 10 amps @ 125/250 V.A.C. 
Rating: 60 cycles ial 

10 amps Res. @ 28 V.D.C. 

6 amps Ind. @ 28 V.D.C. 
. Operating Force 7 to 12 oz. 

Amb. Temp. —100° to +350° F. 

actual size Termination : Fl-solder, F2-screw 





ee 





C2-10/F2-3 
- J& q * 3 i 
May be banked with unlimited units intettock, DP a 
per row. For switches conforming to 
Military and U.L. approval, write AS-47/F2-3 
F series for details. - roller leat 
SPDT AS-56/F2-3 





extension leaf 





heavy duty 









L.W.H. 1%” x 43/64” x 
35/64” 


Elec. 40 amps G 
Rating: 125/250 V.A.C. 
40 amps Res. @ 30 V.D.C. 
30 amps Ind. @ 30 V.D.C. 
=~ Operating Force 45 oz. 
Amb. Temp. —100° to +300° F. 
Termination: G3—side solder A3-40/G3-4 









A2-10/G3-4 


roMer lever A4-50/63-4 





actual size G4—top and bottom maintained 
. screws ‘ 
i eset models also available. For i 
G series switches requiring Military and U.L. if o A4-71/63-4 
SPDT, 2 CKT. approval, write for details. A4-51/G3-8 iy removable plastic 
‘ DPDT button 
Need a special switch? Ca// Or Write For Specific Details On Any Switch Type 


do the job. If a special switch is required, 


Often standard switches can be modified to i= L ECT RO Ss N A P c¢ oO R PO R AT I Oo N 


Electrosnap engineering can create new 2 pe 
Switches in any quantity to your specifica- SWITCH DIVISION «+ 4260 W. Lake Street, Chicago 24, Illinois 
Sons. Send us your problem ...our answer Telephone: VAn Buren 6-3100, TWX No. CG-1400 


can save you time and money. 
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SUB-MINIATURE| TYPE SM 


Weighs less than 2 oz. 
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A high precision, efficient sub-miniature relay. 





Admini t é' since 
eens | Constructed to withstand severe vibration, heavy shock and 


mperature extremes. For control systems, missiles 
OFFICES ae cates y , , 


NEW ENGLAND G. Palken computers, aircraft and similar applications requiring 


stic 


GN 


1357 Washington st. 
West Newton 65, Mass. 
Bigelow 4-9006 


NEW YORK CITY AREA 
21 East 63rd St. 

New York 21, N.Y. 
Templeton 8-4010 


ATLANTIC STATES L. Williams 
Macintyre-Simpson & Wood. R. Reimer 
101 Park Avenue 

Suite 1025 

New York 17, N.Y. 

Lexington 2-002@ 


M. Berns 





miniature size and dependable performance. 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-In Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 570 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 2 Amps. @ 28 V. D. C. Resistive (max.). 


CHICAGO 5 teen Maximum Operate Time (N.O. Contacts): 4 Milliseconds. 
Macintyre-Simpson & Woods D. Sturgeon Maximum Release Time (N.C. Contacts): 3 Milliseconds. 

cheanae hig tae Se Maximum Contact Bounce: 1 Millisecond. 

Central 6-1715 Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 
CLEVELAND 2. Weate Minimum Insulation Resistance: 100 Megohms. 


Macintyre-Simpsen & Woods D. Hascall 
1900 Euelid Avenue 

Cleveland 15, Ohlo 

Cherry 1-1501 


WEST COAST J. Galloway 
6535 Wilshire Bivd. J. Harbison 
Los Angeles, Calif. 

Olive 3-3223 





Published monthly by Benwill Publishing Corpo- 
ration. Harold G. Buchbinder, President; Milton 


























Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: —65° to 125° C. 

Operating Shock: 50 “G" for 11 Milliseconds. 

Vibration: 20 ''G""—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .45 Oz. 

Meets MIL-R-25018 and MIL-R-5757C specifications. 


Send for Bulletin SM 


Berns, George Palken, Robert B. Brotherston, VISIT 

Vice Presidents, Executive, Editorial and Sub- 

scription Office 1357 Washington St., West New- BOOTH 217 

ton 65, Mass. Telephone BlIgelow 4-9006. AT THE 

Copyright 1959 by Benwill Publishing Corpora- WESCON 
tion. Accepted as controlled circulation publica- 

tion at Orange, Conn. SHOW 


Postmaster: send form 3579 to Benwill Publishing 
Corporation, 1357 Washington St., West Newton 
65, Mass. 
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THERMOMETAL for 
dependable temperature, 
electrical current and 
voltage control applications 









CONTACTS 
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® 
THERMOMETAL 5] 


Leading manufacturers depend upon the out- 
standing performance of Thermometal in elec- 
trical appliances, thermal cutouts, heating con- 
trols and many other applications involving the 
indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is 
supplied in strip form, rolled and slit to close 
tolerances and tempered to specification. Ther- 
mometal elements and sub-assemblies are also 
supplied to specifications, with or without con- 
tacts attached. Send for literature. 


H. A. WILSON DIVISION * U.S. HIGHWAY 22 
UNION, N. J. 


H. A. WILSON 


DIVISION 











WRITE FOR LITERATURE 


look to Amersil for all 
high purity fused quartz 
ae requirements. 
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Amersil manufactures and fabricates high purity 

‘ fused quartz for ultraviolet transmission applica- 
tions, laboratory ware and production equip- 

ment. These products include standard apparatus, 

plain tubing in many intricate fabrications, cru- 

tad cibles, trays, cylindrical containers and piping 
in a full range of sizes up to 25” in diameter. 

Ingots and plates are available in general com- 

mercial quality as well as in special optical 

grades. Amersil engineers are also prepared to 

assist in developing fused quartz and silica equip- 

ment for special requirements. Send for bulletin. 


AMERSIL QUARTZ DIVISION * 685 RAMSEY AVENUE 
HILLSIDE, N. J. 


AMERSIL 


QUARTZ 
| DIVISION 





DOMESTIC DIVISIONS: AMERICAN PLATINUM & SILVER DIVISION, AMERSIL QUARTZ DIVISION, BAKER CONTACT DIVISION, BAKER DENTAL DIVISION, BAKER SETTING DIVISION, 
BAKER PLATINUM DIVISION, CHEMICAL DIVISION, EAST NEWARK INDUSTRIAL CENTER, HANOVIA LAMP DIVISION, HANOVIA LIQUID GOLD DIVISION, IRVINGTON-BAKER 
REFINING DIVISION, D. E. MAKEPEACE DIVISION, NATIONAL ELECTRIC INSTRUMENT DIVISION, RESEARCH AND DEVELOPMENT DIVISION, H. A. WILSON DIVISION. 


COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTD. TORONTO, 
LONDON, ENGELMARD INDUSTRIES A. G. ZURICH, ENGELHARD INDUSTRIES PTY., 


ENGELHARD INDUSTRIES OF QUEBEC, LTD MONTREAL, ENGELHARD INDUSTRIES, LTD. 


LTD. MELBOURNE, SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S. A. BOGOTA, 


INDUSTRIE ENGELHARD S.P.A. ROME, ENGELHARD INDUSTRIES OF SOUTHERN AFRICA, LTD. JOHANNESBURG. ASSOCIATED COMPANIES; ACME TIMBER INDUSTRIES LTD., 
BSOwWTH APRICAN FOREST INVESTMENTS LTD., SOUTH AFRICA, AZOPLATE CORPORATION, CHARLES ENGELHARD, INC., NUCLEAR CORP. OF AMERICA, INC., U.S.A. 
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a simplified mirror-bright 
silver plating process 





Here is the most efficient, simple procedure to 
protect electrical electronic and lamp compo- 
nents with a mirror-bright silver finish—through a 
complete range from flash to heavy deposit. The 
procedure is easy, economical and non-critical— 
with little or no polishing required. Silva-Brite is 
a clear, water-white solution, enabling the oper- 
ator to observe work as it is being plated. Uni- 
formly good results are attained with current 
densities ranging from 10 to 40 amperes per 
square foot. Normal room temperature opera- 
tion minimizes fumes and tendency toward bath 
decomposition. Send for descriptive data together 
with detailed plating procedures. 


AMERICAN PLATINUM & SILVER DIVISION 
231 N. J. RAILROAD AVENUE, NEWARK, N. J. 


AMERICAN . 
PLATINUM 
& SILVER 


DIVISION 





ex 


113 ASTOR STREET 
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fine wire 
for every application 


Here, you will find a thoroughly dependable 
source for fine wire of ductile and non-ductile 
materials for every application. Special processes 
have been developed for bare drawing wire as 
fine as .0004”. Where smaller fine wire is re- 
quired, the Wollaston Process for ductile metals 
and the Taylor and Extrusion methods for non- 
ductile materials are employed. All standard fine 
wire requirements are stocked for prompt deliv- 
ery. Full facilities are available for the production 
ot fine wires made to your own specifications. 


BAKER PLATINUM DIVISION * 113 ASTOR STREET 
NEWARK, N. J. 


y 
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IMPACT OF NEW COMPONENTS ON PRODUCTION TECHNIQUES 





The cornucopian outpouring of new components de- 
signed for electronic and electromechanical equipment has 
generated severe problems in production departments. Last 
July at the third National Conference of the IRE PGPT 
devoted an entire session to the impact of new components 
on production techniques. Mr. Robert H. Watson of Lock- 
heed’s Missiles & Space Division in Sunnyvale, California 
pointed out that the majority of production problems with 
transistorized equipment are not basically caused by the 
transistors but by the essential “newness” of the modern 
equipment using transistors. He presented a number of 
case histories that emphasized his point of view. 


Case Histories 


Mr. Watson’s first example concerned the use of transistors 
in an IF amplifier for piece of lightweight commercial 
equipment. To maintain a competitive price on the equip- 
ment, company management set an arbitrary maximum 
price that could be spent for the transistors. This decision 
called for transistors whose characteristics were not care- 
fully controlled and led to two selection operations as part 
of the manufacturing routine. 

First, not all the transistors of the type used would de- 
liver sufficient amplifier gain so that a preselection for 
minimum beta had to be made. Second, those which would 
give the required gain varied so widely in internal feed- 
back that no suitable capacitor with sufficient range could 
be found to neutralize the circuits. 

This condition led to the two possibilities of further 
selecting transistors which could be neutralized within the 
range of a standard variable capacitor of the selection in 
test of the proper fixed capacitor shunted across the neu- 
tralizing capacitor to bring it within range. The latter alter- 


6 


native was chosen since capacitors are less expensive than 
transistors and also a more straightforward method of se- 
lection could be specified. Incidentally, Mr. Watson pointed 
out, the manufacturer does not mention in his instruction 
manual the necessity for either of these selection processes 
—and he speculated on what will happen in the field when 
an instrument repairman finds he has to replace a transistor. 


DIFFERENTIAL DC AMPLIFIER 


Mr. Watson’s second example was that of a differential 
DC amplifier in a piece of military gear which has to 
operate over a wide temperature range. Here again there 
were two problems: that of gain requiring a preselection of 
the transistors for a minimum beta as in the preceding 
example, and a stringent requirement on the drift with 
temperature of the output level. 

Since this DC amplifier illustrates several of the prob- 
lems with the use of transistors, Mr. Watson discussed 
them in some detail, pointing out that transistors are manu- 
factured in families, not in specific types, and the units 
in these families are then assigned by a selection process 
to the proper type according to their characteristics. The 
usual result of the grading process seems to be that the 
lowest performance type is obtained by the thousands, 
the next better type in quantities in the hundreds, the 
third, and if it exists, the fourth member of the family in 
further decreased quantities. 

At the outset of the development of the differential 
amplifier, firm requirements for the gain of the unit could 
not be established, but it was determined that the use of 
the proper one of the two intermediate members of a 
family of four transistors the anticipated gain range could 
be covered. Further, the transistor manufacturer gave as- 
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surance that either of the two would be available in suffi- 
cient quantity to meet the estimated needs. By the time 
the actual gain requirements were determined, which was 
just prior to starting to manufacture the amplifiers, it was 
apparent that the better of the two intermediate types 
would be the logical choice for only about one-half the pop- 
ulaiton of the lower performance types would deliver the 
required gain. 

Unfortunately, in the intervening period many other 
organizations had discovered the merit of this family of 
transistors so that even with a high priority it was impossi- 
ble to obtain a sufficient quantity of the better units to 
meet the need. Since no acceptable substitute was avail- 
able, a selection operation had to be included in the manu- 
facturing sequence to sort out those of the lower per- 
formance units which were usable. This, of course, was a 
last minute introduction which created considerable dis- 
turbance throughout the organization. 

On the other hand, Mr. Watson pointed out, the per- 
formance requirements with respect to temperature were 
initially recognized as a serious difficulty. It was necessary 
that the change in differential output over the required 
temperature range be held to that equivalent to applying 
a one-half millivolt signal to the input. The seriousness 
of the problem becomes apparent, Mr. Watson pointed 
out, by noting that the uncompensated change in the out- 
put of a single transistor of the pair is equivalent to 150 
millivolt input signal. Thus the transistors must be paired 
so that their changes of current over the required tempera- 
ture range are matched better than one part in 300. 

Fotunately the transistors did not have to be matched 
for steady state current as well as for their change of 
current with temperature, but it was still a curve matching 
operation. Test circuits simulating the actual circuit were 
prepared and runs were made with batches of transistors 
taking point-by-point readings over the temperature range 
with careful temperature control. Those transistor pairs 
with curves which matched within specified limits were 
then installed in amplifier units, and temperature tests 
made on the units to determine if the matching was suffi- 
ciently close to enable the amplifiers to meet the require- 
ments. 

These examples, Mr. Watson made it readily apparent 
that the terrific number of potential headaches, not to 
mention the sheer mass of test equipment, specifications, 
and miscellaneous instructions is extreme for a_ relatively 
insignificant piece of equipment. On the other hand, his 
examples were fair presentations of some of the troubles 
one can get into when dealing with transistorized equip- 
ment. Incidentally, Mr. Watson pointed out that both of 
these problems took place with two considerably different 
manufacturers with whom there had not been any personal 
involvement or responsibility on his part. He made several 
recommendations to improve siuations of this type: 

e Development engineers must realize that major factors 
in creating production problems are “newness” and_ lack 
of information. Wherever possible equipment should be 
designed to take advantage of existing practices, facilities 
and know how of the manufacturing organization. If it is 
necessary to introduce radically new designs, practices or 
materials, the design engineers must provide adequate in- 
formation and sufficient time for the manufacturing or- 
ganization to plan and prepare. 

e Manufacturing and management personnel must recog- 
nize that new processes, operations, and types of parts are 
being and must be introduced in large numbers to meet 
the requirements being imposed on modern equipment. 
Consequently, new tools, fixtures, processing and test equip- 
ment must be acquired, installed and properly used _ in 
order to have successful production. 

e The majority of production problems with transistorized 
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ALLENAIR CORP. 


(THE LARGEST MANUFACTURER OF 
CYLINDERS IN MINEOLA) 


DOUBLES PRODUCTION 





Using their own products helped a lot, but working 
16 hours a day was the only answer. 







AIR CYLINDERS 

AIR VALVES 
INDEXING TABLES 
AIR CLAMPS 


ASK FOR OUR NEW CATALOG 


Write Before Next Tuesday ! 


Ramm mn ee ee 


ALLENAIR CORP. 255 EAST 2nd ST., MINEOLA, N. Y. ate 
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ers 
| SWITCHES 
—_ PERFORMANCE 


=" IN MINIMUM 
ee” SPACE... 


ROTARY SWITCHES: 


000 (to Mil- 


1 to 6 
up to 12 


single gs positions per deck. Series 5000, 
(2 


1 to 4 double decks 

wafers per deck), up to 

11 single pole positions 

per wafer. Positive de- 
tent mechanism. i 
LEVER SWITCHES: 

Available with or with- 

out spring return, single |} 
or double throw types. © 


SEE YOUR DISTRIBUTOR... 
OR WRITE DIRECT FOR DATA SHEETS 


Headquarters for Miniature Components 
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instruments (nec. 
P.O. BOX 2954, NEW HAVEN 15, CONN 
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MORE DESIGN FREEDOM 


“transfer 






without 
complicated 
> gearing... 


SIERRA MINIATURE MECHANICAL 






CHAIN AND SPROCKETS... 


‘ Provide precise, positive motion transfer 
through several planes simultaneously with 
no cable slippage...no complicated gearing. 
Unlimited center-to-center selection for min- 
iature and sub-miniature assemblies in servo 
systems, gyro systems, special cameras, 
electronic equipment, and small precision 
instruments. Less weight, cost, maintenance 
—wider tolerances. Designed to operate 
around minimum 7-tooth sprocket with root 
diameter of .250 inches. Chain pitch 

.1475 inches; Weight .45 oz. per lineal ft. 
Material: stainless steel, or other materials, 
including non-magnetic beryllium copper. 


123 E. Montecito Avenue, 
Sierra Madre , California 





NEW 
CATALOG 





Contains useful 
application data, 
specifications, 
tables on chain 
pitch and sprocket 
sizes, suggestions 
for calculating 
center-to-center 
distance. Write 
for yours today. 


T. M. REG. 


CIRCLE 10 ON INQUIRY CARD 


-————— 45 








equipment are not basically caused by the transistors but 
by the essential “newness” of the modern equipment being 
produced using transistors. Recognition of this, and of 
the corollary that the newness just be effset by complete 
information so that decisions on the production floor are 
not required will go a long way toward reducing produc- 
tion problems. 


NEW COMPONENTS AND SMALL MISSILES 


Edward J. Meyer, Assistant Manager of Engineering at 
Hughes Aircraft Co. in Tucson, Arizona, discussed the 
problems arising from the utilization of new components 
in the production of small missiles. He examined some of 
the common manufacturing problems that generated some 
of the problems during assembly-line utilization of new 
components: etched circuitry, soldering, coatings, shock 
mounting, and the inherent design limitations of com- 
ponents, taking into consideration “meantime to failure” for 
typical missile components based on “actual failure” by 
performance degradation and sudden failure sometimes 
classified as “catastraphic failure”. 

Here are some of the examples he used to illustrate 
his points. 

Electronic Chassis: An investigation of the rejection of 
certain electronic chassis indicated that the heater-to- 
cathode leakage was beyond chassis specification. A por- 
tion of the chassis circuit utilized a heater-to-cathode bias 
which was not compatible with the bias used in the tube 
manufacturers’ aging cycle. Studies indicated that the sta- 
bility of a steering voltage, which is related to the heater- 
to-cathode leakage, could be improved by pre-aging the 
whole chassis prior to the initiation of the final unit test 
in production. First, preselecting tubes for low heater to 
cathode leakage under the chassis bias conditions, then, 
aging the chassis for one hour prior to chassis tests, sta- 
bilizers heater to cathode leakage and eliminates tubes 
which would fail later for this condition. Although certain 
circuit modifications could be made, these modifications 
were not economically feasible due to test equipment, 
tooling, and manufacturing planning costs. This was an 
illustration wherein neither the design nor the component 
was altered but manufacturing techniques were evolved 
which resulted in the lowest cost resolution. 

Power Supplies: One of the electrical power supplies ex- 
hibited a case of the effect of internal heat generation. 
Experience with the reserve primary battery used in in- 
itial production of a particular missile showed that it was 
subject to malfunctions under some conditions because 
of burning of the electrolyte bladder during heating. The 
battery was modified by adding a heat diffuser and im- 
proved heating controls which corrected the difficulty. 
Here redesign was mandatory to insure proper function of 
the unit due to the fact that there was no known material 
which could be substituted for the current bladder material 
in order to provide adequate temperature resistance. 

In another case the electrical power supply had a 15- 
watt resistor that was overheating due to space limitation 
and poor air circulation. Heat caused the terminal solder 
‘joint to melt resulting in intermittent output voltages and 
loose solder balls which could cause shorts. Addition of a 
staked terminal on the connecting wire and a mechanical 
nut and bolt joint at the resistor terminal provided an 
effective heat sink allowing the resistor to remain within 
the specified temperature limits. The mechanical joint also 
eliminated the possibility of molten solder in case normal 
operating conditions were exceeded. The mechanical joint 
solution was selected because it resulted in lower costs 
compared to redesigning the electrical power supply. 
Servo Stability: A range tract servo loop exhibited a change 
in stability beyond specification limits with a change in 
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temperature. Approximately seven tubes and 100 other 
components were involved. The number of combinations of 
changes of parameters is great because of the large num- 
ber of components and because the component heating is 
not uniformed. Manufacturing experience indicated a 
significant difference existing between tubes from different 
manufacturers. Tubes from one particular vendor were 
being used to reduce the failure rate for economic reasons. 
Determination of the specific component and or tubes 
characteristic causing the lack of stability has not as yet 
been completely resolved. 

Capacitors: An elusive intermittent capacitor problem oc- 
curred with certain types of capacitors from one particular 
vendor. The difficulty was found to be an inserted tab 
capacitor which was being furnished, when actually the 
specification called for an extended foil capacitor. In this 
ease the inserted tab capacitors were replaced by the 
manufacturer when he realized his error. In this instance, 
once again, because of economic considerations, the burden 
of resolution was placed on the component manufacturer. 
Precision Resistors: A precision resistor was employed 
where the resistance material was sprayed on a ceramic 
base. The resistors were checked in receiving inspection 
to a close tolerance. Some of the chassis using this resistor 
were failing because of a change in the resistance of the 
component. It was discovered that when the leads were 
being clipped to a length in an automatic machine, the 
resistor was lightly clamped between a pair of fingers. 
Slight pressure of the fingers was causing a permanent 
strain in the resistance material. The automatic equipment 
was modified at a nominal cost rather than attempt a 
change MIL-R-10509 specifications, or develop a new re- 
sistor which would require several hundred drawing 
changes plus the costs of establishing a new MIL specifica- 
tion and development programs at one or more vendors. 
Tube Problems: A chassis was experiencing a 50% rejection 
rate because of failure of two blocking oscillators. An investi- 
gation revealed that the difficulty was caused by 6111 tubes 
having insufficient pulse emission for the design applica- 
tions. Specification MIL-E-1 requires 300 milliamperes 
minimum pulse emission. One of the blocking oscillators 
required 400 milliamperes minimum of pulse emission 
for satisfactory operation. It was possible to correct the 
operation of the oscillator, which required 400 milliamperes 
pulse emission, by providing for monostable operation, i.e., 
making a circuit change. Operation of the other oscillator 
is still not satisfactory; however, it is expected that a new 
tube with higher pulse emission characteristics will be able 
to solve the problem or tubes may continue to be selected. 
In this case, the cost of the tube selection and 100% pulse 
emission testing in the plant must be weighed against the 
cost of having a new tube developed, its incorporation in 
the product, and the intangible but important factors of 
product reliability. Unfortunately, a new tube type with 
higher pulse emission characteristics may represent a trade- 
off on other desirable tube parameters. Accordingly, it is 
possible that introducing a new tube into the product may 
merely shift our problems from one area to a new undefined 
area. Obviously, a rather exhaustive test program is in 
order, the cost of which must also be considered. 

In the situation described above, Mr. Meyer illustrates 
the importance of considering all the parameters of a com- 
ponent and the statistical variation of each parameter, and 
the analytically, or preferably, experimentally determining 
the effect of these variations on the system performance. 
This principle is not new; however, he felt that the lack 
of application of this one rule is the cause of most tube 
problems encountered in a production manufacturing or- 
ganization. Too often the development engineer will obtain 
a workable circuit with selected tubes or tubes from his 
favorite manufacturer, and then release the circuit to 


AUGUST 1959 











SOUTHWEST 
” a8 


R 


SELF-ALIGNING 
BEARINGS 






PATENTED U.S.A. 
All World Rights Reserved 


PLAIN TYPES 





CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


Stainless Steel Ball es 
and Race degrees F.). 


For types operating under 
2 ——_- Steel high radial ultimate loads 


(3000-893,000 Ibs.). 


Bronze Race and For types operating under 
normal loads with minimum 
friction requirements. 


Chrome Steel Ball 
Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. EMD-59 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 





CIRCLE 11 ON INQUIRY CARD 




















































I 


where 





control 





counts 


Temperature Controls 
for Industrial, 
Aircraft, Marine, 
Special Purpose 





APPLICATIONS: Unlimited. For 28 years, we have been 
designing and manufacturing controls to fit individual needs. 


MEDIUM: Air, liquid or hotplate. 

RANGE: — 150 to + 650° F, adjustable. 

SENSITIVITY: +.5°F and up. 

SWITCHES: Normally closed, open or double throw. Manual 

reset, high ambient and others available. 15 or 20 amps. 

115/250 Volts AC. Also DC. 

TYPES: Local mounted, remote bulb, skeleton or enclosed, 

calibrated or uncalibrated, single or multi-switch, indicating, 
explosion-proof, minimum size and special purpose. 

OPERATION: Precision-made, liquid filled bellows combine 

! with full rated snap-action switches for quick, accurate 
| response to temperature change. 


For further information request Condensed Catalog 3400. 


UNITED ELECTRIC 


CONTROLS COMPANY 
88 School St., Watertown, Mass. 
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quantity production where standard run-of-the-mill tubes 


will be used. 

In the situation described above, Mr. Meyer illustrates 
RF pentode as a regulator control tube. This tube several 
years ago had an average replacement rate of approxi- 
mately 20%. At times the situation was so bad that it was 
necessary to try at least two tubes per socket before the 
chassis would pass inspection. An improved tube, Type 
6788, was developed by a vendor. This tube had the 
necessary low noise and high shock and vibration resistance 
characteristics required for this application. The rejection 
rate went down to 1% or less and the problem was con- 
sidered to be solved. The cost of the new tube is now 
about the same as the 6205 tube—a dramatic case where 
an improved tube solved a serious quality and cost problem. 

Another of Mr. Myers’ tube problems involved a 60 
megacycle amplifier with a 6205 pentode. A strong echo 
return from the target caused a large negative AGC voltage 
to be applied to the tube grid which drove the tube beyond 
the cut-off point. As a result, the automatic gain control 
failed and the missile would not guide. The problem was 
solved by placing the tube with a 6206 pentode with 
remote cut-off characteristics. The original trouble was 
clearly caused by a misapplication of the 6205 tube. 

In this case Mr. Meyer pointed out that the course of 
action was relatively simple since the proper component 
was available. Had adequate coordination been effected 
during the R&D stage between the designer and the ap- 
plication engineer, this problem would never have become 
a serious production difficulty. 

Mr. Meyer summarized his point with the fact that at 
times a new component must be introduced into a system 
irrespective of the cost in order to achieve certain tactical 
objectives. More often the cost of introducing a new com- 


ponent must-be considered. In making such estimates, the 


manufacturing engineers should be consulted, since the 
development engineer may underestimate the cost of in- 
troducing a new component. The development engineer is 
apt to see the change as simply changing the location of 
several wires. The introduction of an apparently simple 
change will cause alternations in shop planning, tool draw- 
ings, tool changes, changes in test instructions, perhaps 
test equipment changes, changes in maintenance manuals, 
maintenance .procedures, etc. 

The applications engineer, he said, frequently is con- 
fronted with two alternates in achieving a given result: 
first, he may accept certain limitations of components and 
then try to devise a circuit that will still achieve the re- 
quired objective, or sencondly, he may develop a new 
component without the previous restrictions which will 
then make the circuit designing problem easy. An example 
of this situation was mentioned above regarding the 6111 
tubes with insufficient pulse emission. In one instance it 
was feasible to design around the limitation by providing 
for monostable operation. In the other case, it may be 
necessary to develop a new tube. 

Mr. Meyer does not believe that high reliability in a 
complex system just happens. It is the result of careful 
planning and engineering. The extensive and complex tests 
required to determine the effect of the reliability of each 
component of a complex system requires a staff of first 
rate engineers and extensive environmental test equip- 
ment. The component manufacturers can expand the mar- 
ket for their products and greatly increase the probability 
of use of their products if they will make information 
available to the application engineers. A component manu- 
facturer who knows what his products will do under many 
types of adverse environments is in a preferred -position. 


Copies of the Conference Proceedings (8 papers) may 


still be available. Write to W. C. Estler, 965 Lincoln Ave., 
Palo Alto, Calif., for information or price. 
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BURTON BROWNE ADVERTISING 


Creative Imagination took Michael Faraday from the 
experimental discovery of the induction of electricity 
to the theory of “‘the field’’— foundation of all the new 
physics including relativity. 


Creative imagination at National Co. has taken the 
known unvarying resonance of the Cesium atom and 
translated it into a frequency producing instrument 
with a stability of frequency of | part in 10''—this is 
man’s most accurate measurement of time. 


OM atomectede)icerctacelanmee tare meCercdoleclelevel mr lacmanrten core) (emrnare 
still largely unexplored. 


National Co. is a community of minds and talents that 
enjoys the challenge and the prestige of success in such 
advanced fields as multipath transmission, noise re- 
duction, correlation techniques for signal processing, 
Tropospheric scatter systems, lonospheric scatter sys- 


tems, molecular beam techniques, long range micro- 
wave transmission, and missile check-out equipment 
using microwave and digital techniques. 


National Co. has grown with the Tradition of New 
England electronics. Your needs and problems receive 
exceptional attention at National Co. because, here, 
creativity is required, recognized and rewarded. 


Write or phone 


Vnad b mou Nationg) © 
® cc) 


National Company, Inc., Malden, Mass. 


MANUFACTURERS OF MATERIEL AND EQUIPMENT FOR U.S. DEFENSE 


SIZE 8 RESOLVER 





SS 





SIZE 8 STEPPER MOTOR 


W ! all four 


SIZE 8 RESOLVER— The first winding- 


compensated Size 8 in the field 
Maximum functional error 0.1% 
(accuracy). Null voltage does not 
exceed 1 millivolt per volt input. 
Available with BuOrd type shaft. 


me ¥. iR8N4-600 IR8N4-601 ~ !R8W4-602 
Maximum 

input 26 26 

Voltage 


Effective 
Resistance 1180 
(Ohms) 


Input 
Impedance 130+-j370 467+j1580 220+) \37\ 


5787 840 


(Ohms) 


Total 

Null Volt. 
(MV/V 1 mv/v 1 mv/v 1 mv/¥ 
Input) 


Maximum 
Functional a 1 
Error (%) 
Transfor- 
mation 
Ratio 
(Degrees) 


R 
cote te 4.02 .47+.02 873 


Rotor to 3 
Compen- --— _— 99+.02 
sator 


12 


SIZE 8 STEPPER MOTOR — Stepping 
rate up to 120 pulses per second. Low 
rotor inertia enables unit to be high 
speed type. 


FEATURES 


1. High reliability, no mechanical 
detent. 


2. Precision stainless steel ball bear- 
ings for long life with no radial 
play. 

3. Low gear train shock resulting in 
longer gear life with less backlash. 


4. No brushes to wear out. 


Stepping Rate 


(Pulses per second) 80 
Torque (in.-oz.) at 90° 0.9 ite - 
Rotor Inertia (Gm. Cm?) = 
Voltage 26 voits 


Current .260 


Temperature Range 


(Degrees C) —55° to +.100° 
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SIZE 8 SERVO MOTOR-— Available with 
stall torque up to .42 in.-oz. Max. 
weight 1.5 ounces. 


No Load Speed (RPM) 6500 
Stall Torque (in.-0z.) 0.33 
Rotor Inertia (Gm Cm?) 0.75 


Acceleration at 
Stall (rad/sec?) 31,000 


Temperature Range 


(Degrees C) —55° to +125° 


FIXED PHASE CONTROL PHASE 
Series Parallel 
Voltage 26 26 13 
Frequency 400 400 400 
(CPS) 
Power Input 3.0 3.0 3.0 
(Watts) 
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SIZE 8 SERVO MOTOR 


SIZE 8 MOTOR TACHOMETER 


in hand... a family of 


SIZE 8 MOTOR TACHOMETER — Units 
have high (100°C) and low (—55°C) 
temperature range. Fixed Phase Volt- 
age 26V. 


MOTOR 
No Load Speed (RPM) 9,000 
Stall Torque (in. oz.) 0.25 
Rotor Inertia (Gm Cm?) 1.0 
Acceleration at Stall (Rad/Sec?”) 17,500 
Temp. Range (Deg. C) —55° to +85° 
TACHOMETER 
Reference Voltage 26 


Power Input (watts) 3.0 


om a ~ 


Output Voltage 
(volts/1000 RPM) 3 


Null Voltage (volts) .012 
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precision-bred Size & 
servo components 


Unparalleled for accuracy, reliability and precision, American 
Electronics Instrument’s versatile new family of Size 8 components 
is another instance in the continuing series of advanced products 
introduced to meet the most critical demands of the industry. 

Distinguished by utmost reliability, each ultra-precision unit — 
Resolvers — Stepper Motors — Servo Motors — Motor Tachometers 
—meets the rigid requirements of MIL-E-5272 and MIL-E-5400. 


Corrosion resistant frames encase a compact unit of such reliability 
that ultimate saving in weight and space is achieved without sacrifice 
of accuracy. Also available in stainless steel. 





Write for brochure detailing full 
particulars on Size 8 Servo Components. 


AMERICAN ELEcTRONICS, INC. 





INSTRUMENT DIVISION 


TWX: CULVER CITY CAL 7423 
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COMPONENTS DESIGN 


WORTH FILING 
Production-Line Shock Tester 


Shock tester, which repeats either of a 
choice of two widely specified shock 
pulses in rapid succession was designed 
for on-the-line testing of high-volume 
production items and can perform a 
complete test cycle every minute. 
Acceleration level for the half-sine 
test is from 10g to 100g and for the 
Sawtooth test is 25g to 100g. Maximum 
specimen thrust is 15,000 pounds, the 
product of the maximum specimen mass 
accommodated and the maximum ac- 
celeration level attainable. 

Source: Consolidated Electrodynamics 

Rochester, New York 
For your copy: Circle No. 146 on Inquiry Card 


Tunable Magnetron For 
Pulsed-Doppler 


Mechanically - tunable, air - cooled x - 
band magnetron with a_ frequency 
range of 9300-10,000 Mc, is rated at a 
nominal 7 kw peak with peak input of 
4.5 amperes at 6 Kv and 0.002 duty 
ratio. Pulse-to-pulse AM jitter has been 
reduced to provide radar definition and 
a new tuning drive mechanism enables 
accurate adjustment of individual tubes 
to specific frequencies without spec- 
trum analyzer or frequency meter 
checks. The tuning shaft versus fre- 
quency ratio is controlled so that all 
tubes track identically over the com- 
plete tuning range. Pulse time jitter of 
less than 1.4 millimicroseconds rms; 
pulse frequency jitter of less than 60 
Kes rms; pulse amplitude jitter of less 
than .02 db. Microwave Assoc., Inc., 
Burlington, Mass. 
Circle No. 237 on Inquiry Card 














20 Boright Ave., Kenilworth, N.J. | 
Br 2-6000 | 
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Soviet Science Briefs 

“Soviet Science Briefs” are taken 
from translated articles—some di- 
gested, some full-length—appearing 
in two periodicals, Scientific In- 
formation Report and Information 
on Soviet Bloc International Geo- 
physical Cooperation 1959 IGYex) 
published by the Office of Technica] 
Services, U.S. Dept. of Commerce. 
SIR is a semi-monthly review of 
current scientific and technological 
advances in the Soviet Union, East- 
ern Europe and Red China prepared 
from continuing literature surveys 
by C.I.A. ($28.00 a year, $2.75 a 
single copy). Information on Soviet 
Bloc International Geophysical Co- 
eration—1959 (IGYex) is a weekly 
account of Soviet Bloc 
under IGY-extended. 
year). 


activities 
($12.00 a 


Rocket-propelled tunnel digger is 
used in Russia to lay underground 
canals and pipes. Using liquid fuel 
and compressed air, a pulverizing 
device in the front of the digger 
spouts flame and blasts a path for 
the rocket, leaving a cylindrical tun- 
nel behind. 


Electrochemical desalting of sea 
water is reported to cut time and 
cost of providing ships with fresh 
water. Membranes or diaphragms of 
ion-exchange resins separate brine 
from water. Principal parts are of 
“viniplast, polychlorovinyl _ plastic, 
and chemically resistant rubber.” 
Further applications are possible. 


Criticism of “lagging” development 
of new polymers charges that 
despite new training programs, new 
laboratories and new research plans, 





“the institutes transfer their effort 
too slowly to the furthering of re- 
search on such important subjects as 
inorganic polymers, the scientific 
basis of the application of polymer 
materials, and natural polymers.” It 
urges a speed-up, especially in the 
development of polymers resistant 
to high temperature, light radiation 
and chemicals. 


Radioactive tobacco smoke causes 
the cancer blamed on heavy cigar- 
ette smoking. Tobacco plants take 
in carbon-14 from the air and when 
tobacco is burned the radioactive 
element is carried along in the 
smoke into the lungs. “Because of 
its capacity to selectively concen- 
trate carbon 14, tobacco smoke is 
“cancerogenic.” 


Yttrium shows high promise as an 
alloying component. 0.1 to 0.2 per- 
cent yttrium reduces grain size of 
many cast metals and improves 
strength. Yttrium also dissolves com- 
pletely in cerium, interacts with 
aluminum, iron and copper to form 
eutectic mixtures, dissolves very 
little in alloying with chromium, 
titanium and zirconium, and is prac- 


tically immiscible with vanadium 
niobium, tantalum and molyb- 
denum. 


Metals pure to 99.999 percent will 
be needed in increasingly larger 
quantities for use in rolled products 
for the electronics, electrical engi- 
neering, nuclear power engineering 
and other rapidly “expanding” 
Soviet industries. Especially in de- 
mand will be rolled products of 
tungsten, molybdenum, tantalum, 
zirconium, niobium and beryllium. 
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SILICONE RUBBER FOR WIRES 


High Temperature Insulation 


Since World War II interest has in- 
creased tremendously in the use of 
silicone rubber (polyorganosiloxane). 
When compounded with inorganic fill- 
ers, additives and peroxide types of 
catalyst agents, this once extremely 
weak and difficult to handle material 
emerged as an excellent high tempera- 
ture insulation. Almost at once the 
U.S. Navy began to specify silicone 
rubber on Navy cables. With this Navy 
interest, great efforts were expended 
to improve silicone rubber to meet in- 
creasing demands for power cable, 
hook-up wire, apparatus lead wire, air- 
craft wire, ignition cable, fixture wire, 
heating cable and ship work cable. 
American Super Temp Wires, Inc. 
has decided to enter this field. They 
will produce eight basic types: 
e Hook-up wire: 200C, 600 and 1000 
volts service for internal wiring of 
electrical equipment as in MIL specs. 
e Apparatus lead wire: 150C and 
200C, 600 volts service for motor leads 
and transformer leads. 
e Aircraft wire: 150C, 600 volt serv- 
ice, aircraft electrical wire for —55 to 
150C as covered in MIL specs. 
e Power cable: 125C, 600 and 5000 
volt service. 
e Ignition cable: —54 to 232C high 
tension cable for aircraft automotive 
and marine service, as in MIL specs. 
e Electronic hook-up wire: 150C up 
to 30 kv service, high voltage leads for 
electronic equipment. 
e Fixture wire: 150C and 200C, 300 
and 609 volt services for lighting fix- 
tures in high voltage units. 
e Shipboard cable: 135C, 600 volt 
service, general purpose service on 
Navy ships as covered in MIL specs. 
While generally specified for 200C 
continuous operation, silicone rubber 
will maintain its physical and electrical 
properties after a short time exposure 
at 315C. Special compounds have been 
known to maintain flexibility at —100C. 
One of the most desirable charac- 
teristics of silicone rubber installation 
is that, when burned, it produces an 
ash. This ash, held in place with fiber- 
glas braids, will continue to be an 
insulator. Radiation resistance _ lies 
within the range of 5 x 107 roentgens 
to 1 x 108 roentgens. Silicon rubber 
insulation shows virtually no effect to 
ozone and corona problems. A general 
summation of its characteristics: heat 
resistance, low temperature flexibility, 
ozone resistance, electrical — stability, 
weathering resistance, aging resistance, 
non-conducting ash, chemical inact- 
ness, non-toxicity, solderability, thermal 
conductivity and radiation resistance. 


Circle No. 82 on Inquiry Card 
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FINGER-THIN . 


Only 9/16 Inches Short . .. Only 1% Inches 
in Diameter ... very compact . . . reduces 


the size of your equipment. 


WHISPER-QUIET... 


Strictly an electrical motor . . . practically 
noiseless .. . no rattling of gears or ratchets. 


HIGH TORQUE... 


Y% oz. inch at the rotor with an instantaneous 
start and stop . . . requires only 2% watts ... 
can replace larger motors in recorders, con- 


trols and telemetering equipment. 


HIGHEST RELIABILITY... 


Longer life ... 


without any trouble. 
© 1959 






no one-way gears or ratchets 
to fail . . . provides millions of operations 


Send for Special Illustrated 
Bulletin AWH MO-806 


“A.W-HAYDON Company 


239 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Custom Design & Manufacture Of Electronic 
And Electro-Mechanical Timing Devices 
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nl LM KNWOE 
A.C. TIMING MOTOR 


Thinner ... Quieter... 
More Reliable... More Versatile 


SPECIFICATIONS 


Standard Voltage Ratings: 
6, 12, 24, 115, 230 Volts 
Frequency: 
60 CPS Standard 
25, 50 CPS Available 
Power Input: 2.5 Watts 
Maximum (60 CPS) 


BASIC MOTOR 
Weight: 4 ounces 
Speed: 300 RPM 

orque: Y% oz-in. 
Length: 9/16 inch 


WITH INTEGRAL GEAR TRAIN 
Weight: 5 ounces 

Speed: 300 RPM to 1/6 RPH 
Torque: 30 oz.-in. @ 1 RPM 
Length: Y% inch 





WITH 
INTEGRAL 
GEAR TRAIN 














CUNNINGHAM CROSSBAR SWITCH 





SIGNAL CARRYING CHARACTERISTICS 

CROSSTALK—down 55 db. at 4 mc. in a 10 x 10 
switch with 75 ohm termination under the worst 
condition (parallel input paths connected to par- 
allel output paths). The addition of shields in 
the link direction gives a 75 ohm characteristic 
impedance through the switch and further reduces 
the crosstalk. 

BRIDGING CAPACITY—to ground between an input 
conductor connected to an output conductor in a 
10 x 10 switch is 15 mofd. 

BREAKDOWN VOLTAGE—occurs at not less than 
1500 VAC between switching conductors and frame 
and across switching contacts. 

INSULATION RESISTANCE—Special materia!s give 
insulation resistance at 10,000 megohms—conduct- 
ors to frame and between conductors. 


Write for further 


literature to: 
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ESO e FUNCTION AND 
OPERATION 

By means of a coordinate 
system of select and hold 
magnets operated sequen- 
tially, a mechanical opera- 
tion is performed at a cross- 
point. This mechanical op- 
eration in turn makes elec- 
trical connection at the cross- 
point, establishing a circuit 
to one of 100 crosspoint 
terminations. Each circuit 
may have 1 to 6 wires 
(poles). 


OUTSTANDING 
FEATURES 


Switches up to 70 mc. 

Low crosstalk 

Fast quiet operation 

Long life 

High Insulation resistance 

Plug-in connections 

Twin gold contacts 

Compact design 

Low operating power 

Applications in: Signal 

Distribution, Programming, 

Computer Systems, Radio 

and Television Signal 

Switching 

CONDUCTOR RESISTANCE— a longest path in 
a 10 x 10 switch is 0.3 ohm 

CURRENT CARRYING CAPACITY —Contacts will 
carry 100 milliamps non-inductive load at 50 VDC 
for 20 million operations. Increasing current to 
1.0 amp decreases life below 1,000,000 operations. 

CONTACT BOUNCE—is less than 200 micro-seconds 
on make. No bounce on break. 

TIMING—Switch can be set up in 15 milliseconds 
at normal operate voltage. Scanning speeds of 60 
cps are attained with transistor drive circuits. See 
bulletin 58-212 for additional information, 

TERMINAL TYPES—(1) A-MP Taper Tab Conmec- 
tors (A-MP Series 78) may be used on all switch- 
ing and coil terminals (except off-normal switch 
terminals). 





JAMES CUNNINGHAM, SOP & CO. INC. 


ROCHESTER 8, N.Y 
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COMPONENTS DESIGN 


Solenoid Hand Controlled Air Valve 


A new solenoid valve that can be 
actuated by hand, whether the coil is 
energized or de-energized is ideal for 
all low pressure air systems (to 150 
PSI) whether manual control is part 
of normal production set-ups or 
whether it is needed only on rare 
emergency occasions. On die-setting 
and clamping operations it gives man- 
ual control during the set-up stage 
before letting power operation take 
over. Electrical and operational failures 
in the system can be checked without 
the need for halting production. Barks- 
dale Valves, Los Angeles, Cal. 
Circle No. 198 on Inquiry Card 


Micro-Miniature Rectifier 


Match-head _ size_ rectifier capable 
of withstanding severe temperature 
change and shock in missile flight can 
be used in airborne computer systems 
with 600 volt power supplies. It will 
handle up to 150 milliamps at 150 
degrees C. Dissipation rating is high at 
600 milliwatts. Clevite Transistor 
Prods., Waltham, Mass. 
Circle No. 208 on Inquiry Card 


NEW $49.9 KIT 
MOVES YOU FROM 


SCHEMATIC TO CIRCUIT 
FAST & RELIABLY! 


Here’s an all-in-one tool for 
prototype and small production 
runs that makes it simple to 





Solenoid Operated 
Snap Switch Relay 


New rugged multi-pole solenoid-oper- 
ated snap-switch relay, SS 101, is de- 
signed for control of circuits handling 
inductive loads. It is available in con- 
tact arrangements up to six pole double 
throw. Each contact is rated at 10 
Amps, 1/3 HP, at 125 Volts ac or 5 
Amps, 1/3 HP, at 250 Volts ac. Either 
quick connect or solder terminals are 
available on both switches and coil. 
Dimensions are 3%” long by 1%” di- 
ameter. Warco Industries, Inc., St. 
Louis, Mo. 
Circle No. 196 on Inquiry Card 


Pot Mounting 
Stud Mount Adjustoroids 


Pot mounting Adjustoroid for panel 
mounting and knob adjustment insure 
easy access wherever slotted controls 
are difficult to reach. Stud mount 
encapsulated Adjustoroid, designed for 
printed circuit use, provides greater 
durability in high acceleration, shock 
and vibration environments. Sub-minia- 
ture Adjustoroids are supplied hermeti- 
cally sealed to meet MIL-E-15305A 
or encapsulated to fit special applica- 
tions. Bulletin available. Burnell and 
Co., Pelham, New York. 
Circle No. 189 on Inquiry Card 


organize and mount circuitry in compact, planes. It quickly swages Alden 
terminals, eyelets, brackets and tube sockets, and punches .101” terminal 
holes in Alden XXP phenolic cards or any 1/16” cold punch card. You can 
make up circuitry turrets in minutes — complete with terminals, brackets 


and sockets. 


Does 
ALL 
these 
operations: 


a” 


TERMINAL HOLES 














EYELETS SOCKETS 








RESISTOR BOARDS 





TURRETS 





VERTICAL PLANE CIRCUITS 


PLUG-IN UNITS 


SAVE $10 on kit over individual part prices. Contains Alden Universal Stak- 
ing Tool and assortment of prepunched terminal cards, terminals, tube 
sockets, brackets and eyelets to get started immediately. Order Kit #42 — 


$49.95 complete. 


ALDEN PRODUCTS CO., 8138 N. Main Street, Brockton, Mass. 
CIRCLE 18 ON INQUIRY CARD 
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Pressure Control Weighs 134 Ibs 


New pressure control Type AP-153 has 


external adjustment, repetitive trip 
point, visible calibrated dial with 
pointer, visible hermetically sealed 


mercury contact. Specifications: Oper- 
ating range (adjustable) 1 to 20 psig. 
Differential (fixed) 0.5 psig. Maximum 
pressure 30 psig. Operating point 
easily set by external adjustment. 
Contact: Hermetically sealed mercury 
switch (4A. 115V., 2A. 230V.)_ sin- 
gle pole, double throw. Provides any 
of following operations: single pole, 
cut in high (close on rise); single 
pole, cut in low (open on rise); or 
single pole, double throw. Switch 
leads—Silicone rubber covered. The 
Mercoid Corp., Chicago, Illinois 

Circle No. 202 on Inquiry Card 


Miniature Transducer Is 
Oil-Damped 


Miniature pressure transducer is oil- 
damped to withstand the violent pres- 
sure transients generated in shock 
tubes or transmitted from firing cham- 
bers. In addition the high natural fre- 
quency of undamped miniature flush- 
diaphragm instruments is retained. It 
measures pressures from 0-50 to 0-1000 
psi with the operational. Case length: 
49/64 inch. Width (between hexag- 
onal sides): 1.0 inch. Weight: ap- 
proximately 3 ounces. Output approxi- 
mately 28 millivolts full scale open 
circuit at 7 volts (AC or DC) excita- 
tion. Non-linearity and hysteresis not 
more than +1% of full scale. Statham 
Instruments, Inc., Los Angeles, Cal. 
Circle No. 209 on Inquiry Card 


Hi- Torque Size-8 Servo Motor 


Size 8 servo motor developed to 
BuOrd specs has 0.35 oz. in. stall 
torque, 24,700 rad./sec.? torque to in- 
ertia ratio, 26V fixed phase and 36V 
center tapped control phase for tran- 
sistor applications, 6200 RPM no load 
speed and 13 tooth 120 pitch pinion. 
Rotor moment of inertia is 10 gm.cm.”, 
length 1.2” max. and weight 1.6 oz. 
John Oster Mfg. Co., Avionic Division, 
Racine, Wisconsin. 
Circle No. 221 on Inquiry Card 
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The Second Annual 


INSTRUMENT 
MOTOR 
SYMPOSIUM 


sponsored by 


Holtzer - Cabot 
Motor Division 


National Pneumatic Co., Inc. 
will be held in Chicago during 
the week of the ISA Instrument- 
Automation Conference and 
Exhibit. 


Theme: “Today’s Trends — 
Tomorrow’s Motors” 


Speakers: Nationally - known 
instrument and motor design 
specialists. Open discussion 


will follow the prepared 
remarks. 


When: 8:00- 10:00 p.m., Tues- 
day, September 22. 


Where: Palmer House, Chicago 


How to Register: Members 
and guests of the ISA may 
register at Holtzer-Cabot’s 
exhibit (#368) at the Interna- 
tional Amphitheatre on Mon- 
day or Tuesday or by writing 
earlier to the Symposium 
Chairman: R. H. Matthews, 
Chief Engineer, Holtzer-Cabot 
Motor Division, National 
Pneumatic Co., Inc., 125 Amory 
Street, Boston, Massachusetts. 
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PRESSURE TRANSDUCER 


Spring Linkage 
Eliminates Friction Points 


A new application of twin spring 
linkages eliminates pivots or bearings 
thereby doing away with friction 
points. Fairchild Controls’ engineers 
designed their new transducer to have 
excellent repeatability characteristics 
while guaging absolute pressures in the 
100-10,000 psi range. 

Pressure sensing elements are twin 
Bourdon tubes which actuate the 
wiper of a wire-wound potentiometer 
that gives either linear or non-linear 
outputs. Overall accuracy including 
linearity, friction and hysteresis is 2% 


twin springs 
\ 








F TRAVEL 


Two Bourdon tubes actuate the wiper 
arm of the pot in Fairchild’s new pres- 
sure transducer. Note twin spring link- 
age. 


with resolution as low as 0.25%. The 
unit can withstand: 55 to 500 cps at 
10g’s_ vibration with less than 1% 
error; 2000 cps at 25g’s without per- 
manent shift in calibration; 25g’s ac- 
celeration in each of 3 mutual perpen- 
dicular axes; and shock up to 25g’s. 
Overpressure up to 100% of the unit’s 
range is possible with negligible cali- 
bration shift. 
Circle No. 79 on Inquiry Card 





Transparent, Flexible, Covers 


Visual inspections and mechanical ad- 
justments can now be made on hot or 
cold mechanical and electrical devices 
without exposing the controls or re- 
moving the rubrglas-seel. Rubrglas- 
seels are transparent, flexible covers 
made of tough glass-clear silicone. The 
material has an elongation (stretch) 
of 500%, and a temperature range 
from —160F up to 500F, is resistant 
to acids, ozone and sunlight, and has 
a shelf life in excess of 25 years. APM 
will mold rubrglas into flexible win- 
dows, lenses or transparent bellows to 
cover switches, control panels and 
other moving parts. A. P. M. Corp. 
Circle No. 130 on Inquiry Card 











HOLTZER 
-CABOT 


Synchronous and 
Induction Capacitor 
Type Motors 


R-24. Typical applications for this revers- 
ible, 4-pole induction motor are in servo 
mechanisms, as a balancing motor in 
recording instruments or as a control 
motor for voltage regulators. It has low 
rotor inertia for fast response applications. 
When operated 2 phase, it can be con- 
trolled electronically; or operated single 
phase asa permanent split capacitor motor. 


R-25. Typical uses are for recording in- 
struments, dictating and adding machines. 
Approximately 24" in diameter, it is avail- 
able in either induction or synchronous 
construction with reversible rotation. 

Both the R-24 and R-25 are available 
with gear case speeds from 1/2 to 3600 
RPM, torque ratings up to 75 oz. inches 
or higher, and single phase, 2 or 3 phase. 





HOLTZER-CABOT MOTOR DIVISION 
NATIONAL PNEUMATIC CO., INC. | 
125 Amory Street, Boston 19, Mass. | 


GENTLEMEN: Please send me data sheets on 
the Holtzer-Cabot R-24 and R-25 Size Motors. 


Please have representative call 
(date) 


Name 





Company 
Street 








City __Zone___State 
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I 
THE COMPLETE * 

COMPONENT LINE 
, t 
Immediate Delivet | 
mmediate Delivery . 
I 
PRECISION @ CLUTCHES @ GEARS, PREC. |, tl & Ill i 
@ BRAKES @ DIFFERENTIALS ‘ 
@ GEARHEADS e SPEED REDUCERS ‘ 
@ COUPLINGS e@ TOOL COMPONENTS I 

@ SHAFTING @ DEVELOPMENT COMPONENTS | 
c 
Write for our NEW COMPLETE CATALOG! | e 
512 Pages of Standard Precision Components | 
over 20,000... | 
a 
STERLING PRECISION CORPORATION ; 
INSTRUMENT 2IVISION | 
NEW ENGLAND MAIN PLANT WEST COAST é 

229 Binney St 17 Matinecock Ave 4216-20 W. Jefferson Bivd 

— ge: y Y ed 2s th oe» * anid , = a4 Ss 
Fig. 1. Direct approach hased on the use of a mechanical : 
stop which incorporates the electrical sensing element. This ' 
‘ IMMEDIATE takes the form of a fixed stop which is completely insulated c 
NEW DELIVERY oe from the machine. A small d-c voltage is applied t 
. to this insuated stop at all times. When the feed lever con-- I 
MINIATURE PRICES tacts the stop at the end of grind, it serves to short the d-c I 
HOLoy voltage to the grounded machine bed. f 
ee ae aceteg Si. * t 
<5 . 
é 





DIESERENTIANLS 


STAINLESS STEEL 


7 
Cat. +HSD559-4 shown F ia E E e 


for mounting on .062” 


=> ~*~ we ee FF St UF ho 


shaft, (4) ABEC Y ball Send for 
bearings, clearance dia. Supplement “C" 
0.580”, displacement of 

15’ are. E88 Dynaco 








YRWYULNE | Fig. 2. Complex approach to design problem. The mechan- 


ical stop is in the trunnion housing. The feed motor drives 


<> te O00 Oe fe te wt &_ 





GEAR CO. INC. a cam shaft which carries two separate cams; one to operate 
20 Merrick Road the lever which rotates the feed nut, and the other to ac- § 
Amityville, N.Y. tuate the limit switch which signals the feed is complete. I 
Although this feed mechanism has performed well, it is ‘ 
to CIRCLE 21 ON INQUIRY CARD | complicated, 
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THE DIRECT APPROACH: 


Electronic Sensing Replaces Conventional 
Limit Switch 


D. V. Dickey of Bryant Chucking Grinder Co. of Spring- 
field, Vt. believes that design problems are generally at- 
tacked from several angles: the mechanical designer attacks 
it from one direction, the hydraulic designer from another, 
and frequently the electrical designer works his equipment 
into a mechanism whose design concepts have been fi- 
nalized even though the electrical equipment performs an 
important function in controlling the timing, sequencing 
and motions of the mechanism. Bryant engineers, he says, 
applied a different approach in the development of a new 
machine for grinding very small holes. 

One major problem dealt with means of terminating a 
crossfeed motion at the end of the grinding operation on 
each part. The cross-feed mechanism, Fig 1 is incorporated 
into the wheelslide, and is supported between a pair of 
trunnions whose center-line is in the same plane and at 
right-angles to the wheelslide center-line. Cross motion is 
gained through a screw and nut arrangement. Normal 
feed motion occurs by rotating the nut back and forth; 
advancing the screw through the nut compensates for 
wheel wear and “dress off’, A 1/50-hp variable-speed d-c 
motor drives the nut, but an overrunning clutch arrange- 
ment allows pneumatic pistons to override the motor’s 
action for quick approach and backoff. 

In a typical cycle, the quick approach piston moves the 
crossfeed to rapidly bring the wheel to a few ten-thou- 
sandths of the surface to be ground. The feed motor then 
assumes its function of advancing the grinding wheel into 
the workpiece during stock removal. After the grinding is 
complete, the backed piston returns the cross-feed to the 
traversing position. Feed-motor speed control is accom- 
plished through a pair of power-stat-rectifier armature sup- 
plies; these and a timer provide an automatic two-speed 
feed arrangement. 

The cross-feed lever, which rotates the feed nut, con- 
tacts a fixed mechanical stop when the required amount 
of stock has been removed. Since this mechanically fixes the 
end of the infeed motion, the electrical controls, at this 
point, throw the machine into the next portion of the cycle. 
The usual way of electrically sensing this point is to locate 
a limit switch somewhere on the cross-feed mechanism, 
requiring an auxiliary lever or some other plan to operate 
the switch at approximately the same moment that the 
mechanical stop is touched. Quite often, the mechanical 
design is complicated to mount and operate the switch for 
the desired function. In addition, some method for adjust- 
ing the switch position is necessary which can be a source 
of field trouble due to maladjustment by personnel not 
thoroughly familiar with the switch application. 


ELECTRONIC CIRCUIT 


A simple electronic circuit senses the contact between feed 
lever and insulated stop, Fig 3. The heart of this circuit 
is a gaseous thyratron tube 5696. To insure that the tube 
cannot conduct, a negative voltage of sufficient magnitude 
is applied to the grid through a grid resistor. The insulated 
mechanical stop is maintained above ground _potental, 
negative grid bias is applied to the tube; therefore, the 
tube cannot fire. However, when the feed lever, which is 
grounded to the machine contacts the insulated stop, the 
negative grid bias shorts to ground. The grid then be- 
comes sufficiently positive and the tube conducts. 

A sensitive d-c relay connected in the plate circuit of the 
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BOARDMASTER VISUAL CONTROL 


% Gives Graphic Picture of % Easy to Use. Type or Write 
Your Operations in Color. on Cards, Snap on Board. 


% Facts at a Glance - Saves % Ideal for Production, Sched- 


Time and Prevents Errors. uling, Sales, inventory, Etc. 
% A Simple, Flexible Tool - 


Easily Adapted to Your %& Compact, Attractive. Made 
Needs. of Metal. 350,000 in Use. 


Complete price $4950 Including Cards 





24-Page ILLUSTRATED BOOKLET AK-10 
F R E t Without Obligation 











GRAPHIC SYSTEMS, 55 West 42nd St., New York 36, N.Y. 
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Compression & Tension Type 


Aircraft cable is strung with spherical steel 

shells in a rigid or flexible housing sealed 

with “O” rings. 3” standard bend radius. 
|) %” minimum bend radius. 


Three Types: 


1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 
2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty—Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 


Positive remote controls for actuating mechanical, hydraulic 
or other devices. Eliminate bell cranks, pulleys, and dua 
caples. U.S. Patent No. 2441719. All world rights reservea 
Send for ENGINEERING MANUAL giving complete speci- 
rications covering materials, finishes, capacities. riease 
address Dept. EMD-PP-59. 


SOUTHWEST PRODUCTS CO. 
1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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STOP STOP STOP STOP = 


Fig. 3. Electronic switching circuit used in conjunction with insulated stops. 


thyratron tube eliminates the need for an electronic ampli- 
fier to raise the tube’s required output to operate a conven- 
tional relay or solenoid. 

In selecting the 5696 tube, consideration was given to its 
inherent “latch-in” operation common to most thyratrons. 
Normally, the grid is maintained negative until it is desired 
to have the tube conduct. Then the grid is allowed to go 
sufficiently positive for conduction to start. Once the thyra- 
tron has fired, the grid can no longer be used to control the 
tube. Except in some critical areas of high negative grid 
voltage and very low plate current, increasing the grid volt- 
age in the negative direction has no effect on the conduct- 
ing tube. Hence, the only way to bring the tube under grid 
control is by interrupting the plate cathode circuit to stop 
conduction. This can be done with relay contacts. 

If the “latch-in” feature is not required, or if it is ob- 
jectionable or impractical to provide ways of opening the 
plate-cathode circuit of the tube, a somewhat similar cir- 
cuit that uses a nongaseous tube can be substituted, Fig 4. 
Where it is impractical to open the plate-cathode circuit of 
the tube, at the approximate time, Bryant Chuck Engineers 
changed to a circuit using a 12AU7 dual triode tube. They 
selected the 12AU7 to simplify the circuit. One-half of the 
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tube is used as a rectifier; the other half as the control 
element. To simplify further, a dual chassis-mounted ca- 
pacitor was used to replace the two single capacitors in the 
previous circuit. 

Since this type of tube can be controlled by grid voltage 
alone, their application was also simplified. Plug sizing 
requires the use of an insulated stop, similar to the feed 
stop described, at ground potential until the plug enters 
the part. Thus, the ground is removed. The grid of the 
tube is held negative to keep the tube cutoff by shorting 
R4 to ground. However, when the plug enters the bore 
of the workpiece, which indicates the correct part size, the 
short’ng path to ground is opened, and the grid goes posi- 
tive to allow the tube to fire. To stop conduction, the nega- 
tive grid bias is restored by shorting R4 to ground. The 
plate-cathode circuit need not be broken. 

Besides being simple, the two electronic circuits des- 
cribed are extremely versatile. Since the grid controls the 
tube’s output, almost any type of low-power low voltage 
signal may be applied to the grid and used to obtain circuit 
outputs capable of operating conventional control com- 
ponents. The signal may come from a limit switch, a 
photoelectric device, a microphone or other suitable sources. 

Circle No. 83 on Inquiry Card 
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Fig. 4. A second electronic switching circuit which uses a nongaseous tube. 
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BARDEN “W ’” retainer 












_ reduces torque peaks... 
-2 6: eliminates retainer lock 
® 
5 
ACTUAL SIZE 

mitrol 
d ca- 

n the 
tage 
sizing 

feed 
onters 

f the 
yrting 

bore 
», the 

posi- 
nega- 

The 

des- Low-torque reliability for gyros, synchros and other torque-sensitive components 
s the 
tage An instrument bearing that passes all normal torque tests can develop excessive torque peaks in 
ircuit iy ; operation. In gyro gimbals, synchros and similar applications the result is erratic component 
9 ge performance. To solve this reliability problem, Barden developed the “W” ball retainer. 
irces. Field tested and proved in actual operation, Barden “W” retainer bearings are specified for a grow- 


ing number of torque-sensitive applications. + * + Jn gimbals on the Sidewinder they contribute to 
the missile’s reliability. * + + In attitude gyros they save one manufacturer $100 per unit by 
reducing costly teardown. 





“Wy” sesines bensinas ace Like other Barden advances in engineering and manufacturing, “W” retainers answer a specific 


available flanged or un- performance problem. Other Barden Precision ball bearings satisfy such extreme demands as: 


flanged, shielded or open, ¢ High temperatures (to above 400°F) » Low torque (to 10 dyne-cm. for 2 Ib. load) 
in sizes most in demand 


%” OD. and under. For ¢ High speeds (to over 300,000 RPM) ~¢ Concentric rotation (to .00005” max. T.I.R.) 


complete technical infor- | The complete Barden line includes sizes from .0469” bore to over 3” O.D., all manufactured to 
mation write for engineer- 


ing data sheet W-1, Barden Precision standards of dimensional accuracy, uniformity and reliability. Refer to Sweet's 
Product Design File (8h/Ba) for Barden catalog and bearing selection guide. 

















forremabity...peety BARDEN fa PRECISION BALL BEARINGS 


THE BARDEN CORPORATION, 7 East Franklin St., Danbury, Connecticut 
Western office: 3850 Wilshire Boulevard, Los Angeles 5, California. 
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THYRASTAT* 


.. fail-safe overheat protection 


NEW miniature, hermetically sealed, single- 
shot, temperature-sensitive switch provides 
FUNCTIONAL RELIABILITY for positive over-tem- 
perature protection. Factory preset within 1% 
of specified temperature. 


TEMPERATURE RANGE: +113° F. to+1500° F. 


Write for new CURRENT RANGE: 10 to 500 Amperes 
Brochure containing SPST Normally open or closed types. 
complete specifications Patents Pending 


advanced concepts of 
precision specialty 
switches for maximum protection 
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ther nocal 


We're at WESCON Booth #3626 East Exhibit Hall 
CIRCLE 25 ON INQUIRY CARD 


Sages COLORADO AVENUE 
SANTA MONICA, CALIFORNIA 


22 











SYSTEMS DESIGN 


PARAMETRIC AMPLIFIER 


Microwave Development Doubles 
Range Of Radar Systems 


Many major problems of jet age air- 
craft control can be solved by a simple 
addition to existing ground and _air- 
craft radar systems, according to 
Hughes Aircraft Company. Their new 
device is capable of increasing radar 
range as much as 100%. The para- 
metric amplifier, or paramp, is a low- 
noise microwave amplifier particularly 
applicable to radar and communica- 
tions. Although several forms of the 
parametric amplifier have been _pro- 
posed and investigated experimentally, 
emphasis is currently focused on the 
diode amplifier; it possesses several ad- 
vantages over other types. 

A comparison of the parametric 
amplifier with the conventional micro- 
wave receivers reveals a number of 
distinct advantages for the paramp. 
One of the most important is the im- 





Hughes Aircraft’s new parametric 
amplifier increases the range of exist- 
ing airport and aircraft systems by as 


much as 100%. 


provement in the noise level by three 
to eight decibels over the best super- 
heterodyne receivers, increasing radar 
ranges by 100%. A second major ad- 
vantage lies in improved overload 
characteristics. The paramp amplifies 
smaller signals than the conventional 
receiver and at the same time stands 
higher incident power levels without 
burnout or degradation of performance, 
alleviating the duplexing problem 
which exists in present radar systems. 

Paramps utilize the same principles 
as vacuum tube amplifiers with two 
distinct differences: in the paramp, 
microwave power is obtained from a 
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microwave power source at an ap- | 
propriate frequency at least twice the | 
signal frequency; and the amplifying |, 
unit is a solid state material. | 

Variable impedance is simultaneous- 
‘ly a parameter in three circuits. One 
circuit handles the signal frequency, 
‘one the pump frequency, and one the 
idler frequency. Idler frequency is 


te equal to the difference between the 
pump and the signal frequencies. The 
sili nonlinear variation of this parameter 
aple is a function of the applied voltage 
nie leads to the amplification of the input 
to signal. : ; 
te Action of the non-linear element is 
new to convert part of the pump power into 
ie, power at the idler frequency. The 
wel idler signal reacts back on the non- 
viel linear element and recombines_ with ! 
et, ithe pump power to produce another | 
the ‘frequency equal to the difference be- 
pro- ‘tween the pump and idler frequencies. 
i. ‘Since this is precisely the signal fre- 
the ‘quency a part of the pump power has 
ney been converted to signal power, or the 
‘signal has been amplified. 
ete Although experimental models have 
iia, been built from a frequency of 200 j 
> af megacycles a second to a frequency of | 


10,000 megacycles per second, an 


mp. . . . i 
"li average unit amplifies the signals at 
about 2800 megacycles per second, 


« with the higher pump frequency oper- 
ating at 10,000 megacycles per second. 


a a 
4 The paramp is only 8” long, 6” high, 
and 1” thick and is placed between 


the search antenna and the transmitter 
and receiver units. 
The greater sensitivity provided by 


| s 
paramp, would not only increase radar 
range by as much as 100%, but would 
also permit close range detection of 


vague or previously undetectable tar- 
gets such as small business planes and 


‘small military jets. The increased range 
; in paramp adapted radar systems would 





inform jet cruiser weather disturbances PYRISTOR® . protects your 


much earlier and help pilots to avoid 













ghem. equipment circuitry... precisely 
Circle No. 85 on Inquiry Card 
tric NEW miniature, hermetically sealed, single- 
xist- shot, current-sensitive switch for positive 
y as overload protection and for current operated 
‘X-Y Recorder triggering devices. 
iree X-Y recording, beyond the limits of i tare 
per- electromechanical plotters, is done with | RESIAGEETY = critical Seenennnene , 
idar a recorder that uses optical galvan- | Write for new + from —100 F. to +1000 F. continuous. 
ad- ometers, a light beam trace and im- Brochure containing -- Closing time 1 millisecond to 5 seconds. 
oad mediate-developing direct print paper Yarn cs ak cg 
ifies charts. Recordings of families of trans- | seetnien becenee My e 
ynal istor curves, or of rapid mechanical | switches for maximum protection 
nds displacement, velocity and _ accelera- 
,out tion are made by an ultraviolet light 
nce, beam on 8” x 8” charts. Specs: writing ‘ 
lem speeds in excess of 2500 in/sec, over- therrnnaoc evi 
ms. all frequency response of 3 db down | 
ples at 130 eps, linearity of 1% of full scale | , ) 
two and sensitivity as high as 62.5 uv/in. see Gee ane ene 
mp, Sanborn Co., Waltham Mass. 
na Circle No. 141 on Inquiry Card Pi We're at WESCON Booth #3626 East Exhibit Hall 3 
CIRCLE 26 ON INQUIRY CARD 
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STATIC 
DYNAMIC 


pressure 
measurements 


4 


STATHAM P277 


Pressure Transducer 


(shown full size) 


Your best choice for a 
wide range of high 
temperature applications 
is the new Statham 


P277 Pressure Transducer. 


All of its variations 
operate within 
specifications from 
—65° to +600° F., 
with the accuracy 
and dependability 
characteristic of 
Statham unbonded 
strain gage 
instruments. 

For further information 
write for 
Data File EMD-599-1 


STATHAM INSTRUMENTS, INC. 
12401 West Olympic Boulevard 
Los Angeles 64, California 
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New Packaging Techniques 





Molded Wiring Harness Cuts Space, Improves Performance 


A new wiring method that eliminates 
many electrical problems in today’s 
electronics-packed aircraft and missiles 
will be used in Chance Vought’s 
F8U-2N, the company’s newest in the 
Crusader series of aircraft. In Vought’s 
new system, bundles of insulated wires 
are completely encased in a_ tough, 
rigid and compact cover of resin-im- 
pregnated fiberglas. This _ stick-like, 
hard-coated wiring harness can _ be 
molded into virtually any shape and 
formed to follow structural contours 
inside the aircraft. It requires less than 
half the space needed for conventional 
harnesses. 

Since the fiberglas covering is tough, 
heat-resistant and can be molded into 
many shapes, harnesses can even take 
the form of an aerodynamic fairing for 
use outside an aircraft, missile or space 
vehicle. The new system is expected 
to solve several of the principal prob- 
lems of today’s wiring methods; broken 
wires, chafing and crowded _installa- 
tions. It requires minimum mainte- 


nance, is abrasive-resistent and _ resists 
accidental damage. Weight is consid- 
erably less than that of conventional 
harnesses. 

A conventional harness consisting of 
360 wires of a given gage forms a 
bundle 25% inches in diameter or, 


if 





Fig 1 Sections of conventional aircraft 
wiring harness (left) and Vought’s new 
hard harness wiring system that carry 
approximately the same number of wires 
of the same gage as the conventional 
section yet occupy far less space. 


divided into six smaller bundles, a 
package 3% inches high and 2% inches 
wide. By contrast, the same number of 
wires or the same gage can be carried 
in a molded harness section only 1% 
inches wide and 1% inches high. 

Wires encased in the molded harness 
can carry higher voltages, withstand 
much higher temperatures and elec- 
trical overloads, and tolerate vibration 
far better than conventionally-  har- 
nessed wires. Tests of the new harness 
have shown that if an individual wire 
is overloaded because of equipment 
failure it invariably fails outside the 
molded section. Fire hazard is lessened 
and the trouble spot is easy to locate. 

Encased in the fiberglas, the cable 
assembly passed 6,000 volt wire-to- 
wire potential with 10 mil wire, double 
the amount normally specified for wire 
of this gage. It stayed within operating 
limits for the insulation at ambient 
temperature of 400F while carrying 
rated current in 20 per cent of the 
wires. Dielectric strength was tested 
to 6,000 volts without failure when the 
harness was heat soaked for 200 hours 
at 400F. Twenty-two gage, five-ampere 
rated wire was overloaded to 35 amps 
for two minutes and showed no dam- 
age to the harness or adjacent wires 
inside. The harness was vibrated from 
five to 2,000 cycles per second at 10G 
for nine hours without failure. 

The molded harness can be designed 
into an aircraft much as is a struc- 


tural member. Its location can be pre- 
dicted within a few 100ths of an inch, 





Fig 2 Flexible covering is used in areas 
where wires leave rigid, fiberglas-covered 
harness to branch off to another area 
or to make connection. 


ELECTROMECHANICAL DESIGN 
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Fig 3 Flexible tubing covers wires 
as they separate from one section of 
fiberglas-covered hard harness (square 
areas) to branch off to another area or 
to terminate at a connection. 


an accuracy impossible with the loose- 
wire harness which was snaked through 
the aircraft interior. Should replace- 
ment of a harness section be necessary, 
a true, made-to-fit spare can be sup- 
plied. Junction boxes are strategically 
located to facilitate replacement. 

Extra wires in the molded harness 
provide for installation of additional 
equipment or serve as spares. The 
design permits incorporation of elec- 
trical or electronic system changes with 
far more ease than does conventional 
wiring and eliminates the need for 
splicing or running new wires along 
the bundle. Conventional wiring could 
be added alongside the bundle, how- 
ever, for a special situation. 

Fabrication of the hard harness re- 
quires relatively simple tooling, and 
the harness can be tailored by the air- 
craft manufacturer to any particular 
aircraft or missile. The system is ex- 
pected also to have application in com- 
puters and other high-density elec- 
tronic equipment, as well as in ex- 
ternal wiring for factories, office and 
homes. Surface ships, submarines, 
tanks, large earth-moving machines 
and even the family car are other units 
in which application is envisioned. 

Unlike the conventional harness 
system in which each wire is coded as 
well as numbered, the hard harness 
uses a neutral numbering system which 
greatly increases the circuit flexibility 
of the molded cable assemblies. Since 
circuit identification no longer is re- 
quired, any new wire now can be used 
in a circuit without the need for re- 
identification of the cable assembly, a 
requirement which formerly created 
extensive paperwork and frequent con- 
fusion. 

Circle No. 122 on Inquiry Card 
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Electronics Engineers: 





How Io 








in Radar 


Engineers working in Radar today are finding it 
sometimes takes more than an individual’s talent 
and creativity to keep pace with the field. 





The element that can make all the difference in 
a man’s professional growth—is his company. 


Management at Light Military* is aware of this 
...and recognizes that LMED’s long-term growth 
depends upon setting the proper environment for 
creativity... providing advanced projects on which 
to exercise it...encouraging and making room for 
a man’s professional development. 


If you join Light Military this month, chances are 
you’ll find opportunities to contribute to such sys- 
tems as: 


An automated AEW and control system which 
—for the first time —will practically eliminate 
Man from the control loop. 


An advanced airborne Bomb Nav. & Forward 
Surveillance radar system which will utilize 
high resolution techniques and be equipped 
with frequency diversity capability. 


Or a number of classified programs including 
Missile Guidance, Surveillance and Fire Con- 
trol Radars with advanced capabilities. 


If you’d like to learn more about how your talents 
can get you ahead in radar faster at LMED, write 


in confidence to Mr. William Gilmore, Dept. 29-MH 


[oes oe ae DB 


ee 8.8 4.9 


* LIGHT MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 


FRENCH ROAD, UTICA, NEW YORK 


Get Ahead 








WRITE DIRECT OR CIRCLE 28 ON INQUIRY CARD AND INCLUDE HOME ADDRESS 
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now available 


OPTISYN 


Incremental 
Digital Pickoff 
With New 
Optical Principle 





Model PH VII-1 shown with 
integral transistor amplifier 


Low Torque—0.05 oz-in 
Fast Slew Rate—3000 rpm 
Small Size—2.3 dia x 15/16 length 
inertia—52 gm-cm’ . Weight—7 oz 
High Reliability — no brushes 

















MODEL RESOLUTION 

PH VII 211, 210, 29 

PH Vill 213, 212 (Special) 

PH VI one part in 2000, 1000 or 500 
PH V one part in 400, 200 or 100 











Evaluation units (PH VII) available for 30 day delivery: $735.00 


Dynamics Research Corporation 


44 Winn Street Woburn, Mass. 
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‘TORQUE WRENCH’ MANUAL 








Formulas 


Applications 
Engineering Data 
Screw Torque Data 


PA ‘S turTevan’ (aga) Adapter Problems 


ADDISON [QUALITY] LL inois General Principles 


Manufacturers of over 85% of the torque wrenches used in industry 


SENT UPON REQUEST 
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MATERIALS 


Plastic Experiments 


Improvements of electrical properties in commercial plas- 
tic materials through electrical field processing has been 
advanced. Experimentation by scientists of Armour Re- 
search Foundation of Illinois Institute of Technology has 
shown that processing a commercial plastic such as poly- 
styrene in an electric field at the same time it is subjected 
to external heating increases the tensile strength approxi- 
mately 25 per cent. This evidence has prompted ARF elec- 
trical engineers to look further into the matter of improv- 
ing the mechanical and electrical characteristics of such 
plastics as polystyrene, polyethylene, and vinylidene, chlo- 
ride. Illinois Institute of Technology, Technology Center, 
Chicago, Illinois. 
Circle No. 256 on Inquiry Card 


Lacquers for Vacuum Metallizing of Polystyrene 


New lacquers for application before and after the deposi- 

tion of aluminum in the vacuum metallizing of polystyrene 

provide high reflectance, high abrasion resistance and 

eliminate embrittlement and flake off. Both lacquers are 

easily applied by simple spraying, dipping or flow-coating. 

Schwartz Chemical Co., Inc., Long Island City, New York. 
Circle No. 254 on Inquiry Card 


Insulated Rod for High Torque 


New high strength, paper base Insurok laminated plastic 
sheathing solves the torque problem so common to variable 
transformers and other equipments which require an in- 
sulated shaft that must withstand the mounting of compo- 
nents and operate under high resistance. Solidly anchored 
to the metal rods, the sheath accepts multiple set screw 
mountings of components without chipping or cracking: 
Insurok insulated steel] rods are readily available in a wide 
range of lengths and diameters—and in varying degrees of 
insulation thicknesses. The Richardson Co., Melrose Park, 
Illinois. 
Circle No. 246 on Inquiry Card 


Custom Engineered Plastic Moldings 


Brochure on standard, special, and newly developed types 
of plastic moldings covers basic cold molded eompositions 
as well as new hot molded formulations to reduce size re- 
quirements for electrical moldings. The new bulletin out- 
lines the history of the development of “Rosite,” a stone- 
like molding compound with properties useful for electrical 
applications. Properties include basic resistance to heat, 
inherent arc-quenching capability, non-tracking character- 
istics, and high dimensional stability. Rostone Corporation, 
Lafayette, Indiana. . 
Circle No. 249 on Inquiry Card 


WORTH FILING 

Stainless Fasteners 

Cap screws and bolts; nuts; washers; machine screws; 
wood screws; set screws; sheet metal screws in dotted and 
Phillips head; rivets; cotter pins; piano hinges; pails; fun- 
nels; scoops; and screw machine products of stainless steel. 


Source: Star Stainless Screw Co., 
Paterson, N.J. 


For your copy: Circle No. 258 on Inquiry Card 
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Performance Characteristics of 


ANALOG-DIGITAL CONVERTERS Part Ill 


as well as the principal operating char- | 
acteristics of voltage-to-digital convert- | 


This concluding portion of Components 
Digest 7 tabulates physical and _per- 
formance characteristics of commercial- 
ly available analog-digital converters 
with shaft or voltage inputs. These con- 
verters supply outputs in either paral- 
lel or serial form in a convenient digital 
code for use with digital computers or 
suitable output devices. For complete 
coverage, the scope is limited strictly 
to converters; digital voltmeters which 
constitute a particular class of convert- 
er with visual read-out are not in- 
cluded. 

Parts I and II of Analog-Digital Con- 
verters (June and July issues) reviewed 
the principles of operation covering 
important factors as well as distin- 
guishing features of the different types. 
In particular, Part II discussed optical 
and brush-type shaft angle encoders, 


ers. Examples showed the importance 





of conversion speed with respect to ac- | 
curacy in systems with varying inputs. | 


Part I had previously described gen- 


eral principles and circuits with em- | 


phasis on techniques for avoiding am- 
biguity. 

The following tables describing com- 
mercial types are presented primarily 
as a guide to what is available, from 
whom. In many instances only a repre- 
sentative portion of a manufacturer's 
line could be included. This fact, as 
well as the obvious difficulty in present- 
ing data on different types of equip- 
ment in a uniform tabular notation in- 
dicates the importance of extensive 
direct discussion with individual manu- 
facturers prior to a final selection. 





Buyers’ Guide For Anaiog-Digital Converters 


ADAGE, INC. 
292 Main St., Cambridge, Mass. 


APPLIED SCIENCE CORP. OF PRINCETON 
Princeton Junction, Princeton, N.J. 


B & H INSTRUMENT CO., INC. 
3479 W. Vickeny Blvd., Ft. Worth, Tex. 


BALDWIN PIANO CO., 
1801 Gilbert Ave., Cincinnati, Ohio 


C G ELECTRONICS CORP. 
P O Box 8345, Albuquerque, N. M. 
CHESAPEAKE INSTRUMENT CORP. 
Shadyside, Maryland 
COLEMAN ENGINEERING, INC. 
Torrance Blvd., Torrance, Cal. 
COLORADO RESEARCH CORP. 
Broomfield, Colorado 


DATEX CORP. 

1307 So. Myrtle Ave., Monrovia, Cal. 
DAYTON INSTRUMENTS, INC. 

404 Winston Ave., Dayton, Ohio 
DIGITRON CO. 

45 W. Union St., Pasadena, Cal. 
DYCHRO CORP. 

12 Centre Ave., Newton, Mass. 
DYNAMICS RESEARCH CORP. 

44 Winn St., Woburn, Mass. 
ECLIPSE-PIONEER, Div. Bendix Aviation 

Route 46, Teterboro, N. J. 
ELECTRO-MEC LABORATORY, INC. 

47-51 33rd St., L. |. City, N.Y. 
EPSCO, INC 

275 Mass. Ave, Cambridge, Mass. 


AUGUST 1959 


FRANKLIN ELECTRONICS, INC. 
East Fourth St., Bridgeport, Pa. 
W. & L. E. GURLEY, 
514 Fulton St., Troy, N.Y. 
HOOVER ELECTRONICS, INC 
110 West Timonium Rd., Timonium, Md. 


INSTRUMENT DEVELOPMENT LABS, INC. 
66 Mechanic St., Attleboro, Mass. 
KEARFOTT CO., INC. 
1500 Main Ave., Clifton, N.J. 


LITTON INDUSTRIES 

5873 Rodeo Rd., Los Angeles, Cal. 
LIBRASCOPE, INC. 

40 E. Verdugo Ave., Burbank, Cal. 


F. L. MOSELEY CO. 
409 N. Fair Oaks Ave., Pasadena, Cal. 


NORDEN, Div. United Aircraft 

Wiley St., Milford, Conn. 
NORWOOD CONTROLS 

936 Washington St., Norwood, Mass. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS 
2831 Post Oak Rd., Houston, Texas 


TOLLER & COOPER, INC. 
75 Front St., Brooklyn, N.Y. 


TELECHROME MFG. CORP. 
28 Ranick Dr., Amityville, N.Y. 


WAYNE GEORGE CORP. 

1117 Commonwealth Ave., Boston, Mass. 
WEST COAST RESEARCH CORP. 

2371% Westwood Blvd., Los Angeles, Cal. 





Timesaving ... cost-cutting 


first aid 
for the 
DESIGN LAB 





SERVOBOARD® Electromechanical Assembly Kits 
are truly first-aid kits for the engineer with model- 
making problems. 


These modern kits are scientifically designed 
and packaged by Servo Corporation of America to 
eliminate the majority of breadboarding head- 
aches...swiftly, economically, and with precision. 


Selection of components has been made by 
experts with years of servo systems design and 
production experience. Enough components are 
included in each kit to meet almost every medel- 
making need. Extra components are always avail- 
able out of open stock. 


Exclusive SERVOBOARD features eliminate 
model shop costs and time lags inherent in usual 
model-making techniques. For example: 

PRECISION — 1/2”-thick, anodized aluminum mount- 


ing board is absolutely rigid. Extraneous stresses 
cannot produce spurious results. 


SPEED OF ASSEMBLY — Holes are tapped to receive 
captive screws on mounting clamps, permitting 
easy assembly from the top and eliminating 
underhanded fumbling. 


FLEXIBILITY — Components may be assembled at 
any angle, not just parallel or at right angles. 
Kits include wide variety of co-ordinated com- 
ponents. 


ECONOMY — Quick set-up and knock-down permit 
maximum re-use for new problem solving. 


SPACE-SAVING — Mounting boards stack one above 
the other. 


EXPANDABLE — No system too large. 


. 


Three sizes of kits are available, any one of which 
can begin eliminating design headaches immedi- 
ately. Get full details (without obligation) by 
writing for free SERVOBOARD Electromechanical 
Assembly Kits Brochure. Do it today... WRITE NOW! 
Kequest Wo 1110-8. 


SERVO 


CORPORATION 
of AMERICA 


20-20 Jericho Turnpike, New Hyde Park, L.1.,N.Y. 
CIRCLE 34 ON INQUIRY CARD 
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Summary of Physical and Performance 
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ELECTROMECHANICAL DESIGN 


MANUFACTURER MODEL TYPE INPUT RANGE TYPE READOUT NUMBER SYSTEM NUMBER OF DIGITS ACCURACY SA 
ADAGE, INC. V9-AB Voltage Full scale: Parallel, serial Binary, octal 9 binary plus sign + 0.05% + 12 least significant dj 
, : = = igit To 20( 
1,10,100 volts 3 octal plus sign 
ADAGE, INC. VR1i0-AB Voltage Full scale: Parallel, serial Binary 11 including sign + 0.05% + 1/2 least significant digit 3000 
1,10, 100 volts ' 
ADAGE, INC. Vi2-AB Voltage Full scale: Parallel, serial Binary, octal 12 binary plus sign 0.01% relative + 1/2 least digit aa cH 
ti et Dap . To 106 
1,10,100 volts 4 decimal plus sign Varies only 5 ppm/*C change 
—— 
ADAGE, INC. Vi2-AD Voltage Full scale: Parallel, serial Decimal, binary 4 decimal including 0.05% + 1/2 least significant digit 2000 ¢ 
1,10,100 volts coded decimal sign = 
—— 
ADAGE, INC. Vi6-AD Voltage Full scale: Parallel, serial Decimal, binary 5 decimal! including Relative 0.01% at room temperature, To 106 
1,10,100 volts coded decimal sign Varies 5 ppm/°C change 
APPLIED SCIENCE CORP. EPD8G Shaft Parallel Gray 8 i part in 256 10,00 
OF PRINCETON : 
B & H INSTRUMENT BH 100 Shaft Decimal 5 0.05% of reading 1/sec 
co., INC. 
BALDWIN PIANO CO, A21SP1i8 Shaft Parallel Gray 18 i part in 262,144 100/se 
BALDWIN PIANO CO, B2.6SS13 Shaft Parallel Gray 13 1 1/4 parts in 8192 To 200 
BALDWIN PIANO CO, A4DP13 Shaft Parallel Gray 13 1 part in 8192 To 100 
BALDWIN PIANO CO, AGDP 13 Shaft Parallel Gray i3 1 part in 8192 To 100 
BALDWIN PIANO CO. ASSP 16 Shaft Parallel Gray 16 1 part in 65,536 To 100 
C G ELECTRONICS Voltage 0 to 10 v, or As required Binary coded 0.2% 100 to 
—5to+5v decimal 
CHESAPEAKE INSTRU- ADC-100-5 Voltage 0 to 50 Optional isual, + 1 part in 100,000 100 kc 
MENT COKP. 3 tape 
COLEMAN ENGINEERING, A3DUT,A4DUT Shaft Decimal 3,4,5, or 6, No 1 count in full scale 2/sec 
INC. ASDUT, A6DUT depends on model 
COLORADO RESEARCH 110 Shaft Angle Parallel Decimal, binary 6 decimal (360,000 ' ,18 : 19 Limite 
CORP., WITH NORDEN coded decimal counts per shaft scares =P associ: 
DIV. , UNITED AIRCRAFT turn) 
DATEX CORP. C7ii Shaft Parallel Special nonam- ) decimal (equiva- i part in 1000 ‘ 
biguous code lent) 
DAYTON INSTRUMENTS, Di-3,4,5,6 Shaft Parallel Decimal 3 to 6 1/10" (n = number of digits) 1800 1 
INC, (4 units) 
. 
THE DIGITRAN CO. 7101 Shaft Visual in-line Decimal 3, 4, or 5 1/1000 to 1/100, 000 Unlimit 
decimal contacts by reco 
DYCHRO DV-13A Shaft Parallel Gray 13 + 2.5 minutes arc 100 pul 
DYCHRO DV-SC11A Shaft Parallel Gray ii i part in ae of sin and cos 100 pul 
DYNAMICS RESEARCH PH7 Shaft Incremental 2048 counts per rev. 0.01% of a revolution To 100 
CORP. (2 phase) 
ECLIPSE— PIONEER GS-4-Ai Shaft Parallel Binary 7 1 part in 128 150 rp! 
ECLIPSE— PIONEER GS-5-Ai Shaft Parallel Gray 8 1 part in 256 150 rp 
, 
ECLIPSE— PIONEER GS-6-Ai Shaft Parallel Gray 13 i part in 8192 50 rpm 
ELECTRO-MEC LAB- Type 15-E-8 Shaft Serial, parallel Gray 5 + 14 digit ? Up to ¢ 
ORATORY, INC. 20 mic 
ELECTRO-MEC LAB- Type D 301-9 Shaft Serial, Parallel Gray 4 + 0.5 digit Up to 3 
ORATORY, INC. 20 mic 
ELECTRO-MEC LAB- Type D30H-10 Shaft Serial, Parallel Gray 10 + 0.8 digit Up to s 
ORATORY, INC, 20 mic 
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Characteristics of Analog-Digital Converters 






















































































FRICTIONAL 
SAMPLING RATE SIZE WEIGHT INERTIA TORQUE SPECIAL FEATURES 
es _—— 
cant digit To 2000 conversions/sec 5 14" panel space in standard Visual nixie octal display. Converts to Vi2-AD 
RETMA relay rack by interchanging 4 printed circuit cards, Mod- 
ular design for full versatility, Input impedance 
to billions of ohms available. 
cant digit 8000 conversions/sec 5 1/4" panel space in standard Visual display available, Modular design for full versa- 
RETMA relay rack tility. Input impedance to billions of ohms available. 
digit. To 1000 conversions/sec 5 1/4"' panel space in standard Visual nixie octal readout, Converts to Vi6-AD 

ge RETMA relay rack by interchanging 5 printed circuit cards, Modular 
design for full versatility. Input impedance to 
billions of ohms available. 

ee, 

nt digit 2000 conversions/sec 5 1/4" panel space in standard Visual nixie readout, Converts to model V9-AB 

RETMA relay rack by interchanging 4 printed circuit cards, Modular 
design for full versatility, Input impedance to bil- 
lions of ohms available. 

ee — 

nperature, To 1000 conversions/sec 5 4" panel space in standard Visual nixie readout. Modular design for full versa- 

RETMA relay rack tility. Converts to model Vi2-AB by interchanging 
5 printed circuit cards. Input impedance to billions 
of ohms available, 

10,000 rpm 2 ya" dia. x 1 1/4" 8 oz. 70 gm-cm > 0.05 oz-in,. starting Code is permanent magnetic field on a ferrite disc, 
Very long life and highest reliability in extreme 
environments. 

1/sec x 5" x 5 34" 2 12 Ibs, 0.1 oz-in™ 0.05 oz-in, Linear, parabolic, logarithmic functions displayed in 
direct digital relation; compound ranges, plus & minus 
scales from zero, suppressed ranges, 

100/sec 21" dia. x 7 3/4" 169 Ibs, 135 Ib-in™ 800 oz-in max, Optical, include transistor output amplifiers. 

To 200 kc 2 916" dia, x 3 3/4" 1 14 lbs. 125 on ‘ 2 1 oz-in max, Optical, subminiature. 

<9 gm-cm 

To 100 cps i dia, x 6 12" 9 1/4 Ibs 00 emiecn 2 0.5 oz-in Optical, include transistor output amplifiers, non- 
linear codes available. 

To 100 cps 8 3/16" dia, x 8 37/4" i4 Ibs. 3000 gm-cm™ 3 oz-in Optical, high gain transistor output amplifiers for 
remote transmission, 

To 100 cps 9 16" dia 17 1/2 lbs. 18,2 Ib-in™ 16 oz-in max. Optical, high gain transistor output amplifiers for 
remote transmission. 

100 to 300 cps 232 to 405 cu. in, 7 to 9 Ibs. PCM operation, transistorized. 

100 ke Aa & 30" 2:20" 32 lbs, Visual and 5-channel tape output, 

2/sec 7.00" x 4.60" x 1.25" max, 2.5 lbs. approx. 176gm-cm=;10o0z+in 0.1 oz-in running Non-ambiguous, retractable brushes, 

max, breakaway 

Limited only by y8" dia, x 6 3/4" ) Ibs., 6 oz, + oz-in (1) Max, slew rate while counting : 100°/sec. (2) Abso- 

associated circuitry lute angle reading always present in the counter. 

(3) Re-establishes its absolute position with each degree. 
(4) Can be built for straight binary operation also, 
(5) Reads degrees to 0,001 degree, 

y Part of system to convert micrometer lead screw 
shaft position to digital code on punched tape, 

's) 1800 rpm 2" x3 2" x (4" to 5 2") 2 Ibs, to 2 12 0.002 to 0.004 0.1 oz-in static Contact capacity one amp. Operate like mechanical 

Ibs. Ib-in* counter, No relays in readout. 
. 

Unlimited by Digicon limited i: 2 ak Oe ah 9 6 0 0.25 oz-in. High speed shaft input 2000 rpm for 

by recorder or readout equip. servo drive, 

100 pulses/sec, and up 3 34" dia. x 6 1/2" length 80 oz. 125 gm-cm™ 0.5 oz-in starting Optical unit, Designed for military applications, 
Built-in alignment cell permits field calibration. 

8 100 pulses/sec, and up 3 3/4" x 6 12" > Ibs. 125 gm-cm_ 0.5 oz-in Optical unit, Designed for military applications, Out- 
put words are sin and cos of input angle. Built-in 
alignment cell permits field calibration, 

To 100, 000/sec 2.3" dia. x 15/16" long 70 92 gm-cm™ 0.05 oz-in Available in other resolutions and with built-in 
buffer amplifier. Rotation of an optical interference 
pattern is sensed by push-pull photo circuit. 

150 rpm 15/16" dia. x 1 15/32" 1.1 oz. approx. 0.2 oz-in Miniature for airborne applications. No brush ad- 
justments required. 

150 rpm 15/16" dia, x 1 5/16" 1 oz, approx 0.2 oz-in Miniature for airborne applications, No brush ad- 

° justments required, 

50 rpm 2 1/2" dia. x 2 192" 8 oz 0.6 oz-in Consists of 3 ganged 5-digit converters. No brush 

adjustments required, 
’ 
? Up to 35,000/sec, 1.562" dia, x 1.920 long s.10 0,078 oz-in 0.35 oz-in Special patterns available. The standard instruments 

20 microsec pulses have a common terminal switched to separate ter- 
minals for each digit. Straight mechanical switching. 
No logic circuitry. 

$$$ 

Up to 35,000/sec, 3.00" dia, x 1.10" long 7 oz. 0.39 oz-in™ 0.8 oz~in Same as for Type 15E-8. 

20 microsec pulses 

Up to 35, 000/sec, 3.00" dia, 1.10" long 7 07 ; 0.8 oz-in Same as for Type 15E-8. 


20 microsec pulses 
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VOLTAGE INPUT 
MANUFACTURER MODEL TYPE INPUT RANGE TYPE READOUT NUMBER SYSTEM NUMBER OF DIGITS ACCURACY SAI 
a —_——_—_— 
EPSCO, INC. DVOM d-c volts, +1,+10,+100, Serial, parallel Decimal, binary 3 decimal plus over- d-c volts 0.1%, a-c volts 0.25% 100 
(DV-803) a-c volts, +1000 volts; one coded decimal flow digit 
resistance ohm to a megohm 
EPSCO, INC. Datrac B-611 Voltage +1,410,+100 Serial, parallel Binary 11 including sign 0.05% 4, 
volts; specials on 
request 
neeeaeeel —— 
EPSCO, INC. Datrac B-613 Voltage +1,+10,+100 Serial,- parallel Binary coded 3 decimal plus sign 0.05% 38, 
volts decimal, 
8,4,2,1 code 
——— 
EPSCO, INC. Minidatrac Voltage +10 v, +5 v Serial, parallel Binary 10 0.1% 25 
SVD-610 con 
req 
——— 
EPSCO, INC. Transicon Datra Voltage +10 v standard; Serial, parallel Binary, binary Binary: 9 to 13 bits 0.05% or 1 millivolt Ex: 
(many models) others available coded decimal; including om 20 
8,4,2,1 code BCD: 3 decimal dig- 14 
its plus sign 
—_—_— 
FRANKLIN ELECTRONICS, 1310N/319 Voltage 100 pv to 1000 v Binary, binary 4 decimal 0.1% to 0.05% Up 
INC, coded decimal rea 
——— 
WwW. & L.E, GURLEY 8613 Shaft Parallel Gray 13 1 part in 16,384 100 
—— 
HOOVER ELECTRONICS 10029 Voltage or tiv, or Parallel or serial Binary 11 including sign 0.05% + 1/2 absolute magnitude of 20 | 
current 6 ma + 4 ma least significant quantity 
INSTRUMENT DEVELOP- 500206 Shaft Parallel Binary coded 4 decimal 1 part in 1000 20, 
MENT LABS., INC. decimal, non- (mi 
ambiguous 
INSTRUMENT DEVELOP- 500216 Shaft Parallel Binary coded 4 decimal 1 part in 3600 (0.1°) 20, 
MENT LABS., INC. decimal, non- pate 
ambiguous 
——————— 
INSTRUMENT DEVELOP- 500217 Shaft Parallel Binary coded 6 decimal i part in 216,000 (0.1') 20, 
MENT LABS., INC. decimal, non- (mi 
ambiguous ——— 
KEARFOTT CoO., INC. 423830-1 Shaft Parallel or Binary coded 2 decimal 1 part in 85 110 
serial decimal 
ro 
KEARFOTT CO., INC. 423607-1 Shaft Parallel or Binary coded 3 decimal including 1 part in 39 250 
serial decimal sign 
KEARFOTT CoO., INC. Yi24i-11A Shaft Parallel or Binary coded 3 decimal 1 part in 360 300 
serial decimal 
— 
KEARFOTT Co., INC, Y1240-11A Shaft Parallel or Binary coded 4 decimal 1 part in 3600 300 
serial decimal —_ 
KEARFOTT CO., INC, Pi24-11A Shaft Parallel or Binary coded 4 decimal including 1 part in 2000 400 
serial decimal sign 
KEARFOTT CO., INC. U1240-11 Shaft Parallel or Binary coded 4 decimal i part in 3600 700 
serial decimal 
ul —_—— 
KEARFOTT CO. , INC. P1241-11A Shaft Parallel or Gray 15 1 part in 32,768 600 
serial 
LITTON INDUSTRIES AD 11-13 Shaft Parallel Binary 13 i part in 8192 Ney 
cul 
LIBRASCOPE, INC. 707 and Shaft Serial Binary 7 1 part in 128 
707D 
—- 
LIBRASCOPE, INC. 713 and Shaft Serial Binary 13 i part in 8192 
713D 
LIBRASCOPE, INC, 717 and Shaft Serial Binary 17 i part in 131,072 
7i7D 
LIBRASCOPE, INC. 719 and Shaft Serial Binary i9 i part in 524,288 
719D 
LIBRASCOPE, INC, 740 Shaft Parallel Binary 10 i part in 1024 
LIBRASCOPE, INC, 743 Shaft Parallel Binary 13 i part in 8192 
LIBRASCOPE, INC. 757 Shaft Serial Sin —cos binary 7/quadrant i part in 192 
(4 quadrants) 
LIBRASCOPE, INC. 757-S Shaft Serial Sin —cos binary 7/quadrant 1 part in 192 
(4 quadrants) 
a 
LIBRASCOPE, INC. 758 Shaft Serial Sin—cos binary 8/quadrant i part in 384 
(4 quadrants) 
saints 
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FRICTIONAL 
SAMPLING RATE SIZE WEIGHT INERTIA TORQUE SPECIAL FEATURES 
ee 
-25% 100/sec max. Portable: 6 1/8" x 8 34" x 13 1/8" 22 lbs. approx. Many outputs. Transistorized. Conversion method is 

Rack mounted: 5 34" x 19" x 12 34" sweep counter. Model DV-803 is identical except 

that it measures d-c volts only. 
—_—— 
44,000 max. Converter: 15 34" x 19" x 18" Converter: 67 Ibs. Many outputs. Conversion method is successive ap- 

Power unit: 10 1/2" x 19" x 18" Power unit: 89 Ibs. proximation. Abso!ute accuracy without calibrations 
or adjustments. 

—— — 
38,000 max, Converter: 15 34" x 19" x 18" Converter: 67 lbs. Many outputs. Conversion method is successive ap- 

Power unit: 10 1/2" x 19" x 18" Power unit: 89 lbs. proximation. Absolute accuracy without calibrations 
or adjustments. 

————— LTS 
25 ke max, 50,000 Converter: 2 11/16" x 6" x 22 3/44" Converter: 13 lbs,, 8 oz. Many outputs. Conversion method is successive ap- 
conversions/secon Power unit; 2 34" x 6" x 22 34 Power unit: 20 lbs. proximation, Absolute accuracy without calibrations 
request. or adjustments. 
Examples: 5 4" x 19" x 16" 25 Ibs. approx. Many outputs. Transistorized, reversible. Conver- 
20 ke for 8 binary sion method is successive approximation. Absolute 
14 ke for 12 binary accuracy with no calibrations or adjustments. 
CL 
Up to 60 19" x 8 3/4" x 15" 50 Ibs. approx. Visual nixie readout, also for automatic logging, 
readings/sec d-c input. 
100/sec 3 72" dia. x 7 58" 5.6 lbs. 349 mee 0.5 max, oz-in Optical, Nonlin. and trig. functions available. Also 
- BCD codes. 
itude of 20 ke/sec Visual neon indication. Reversible to digital-analog 
by different digital input plug connecfion. Current or 
voltage input determined by substitution of input 
modules. . 
20,000 bits/min 1,754" dia. x 2.125" 4.7 oz. 0.003 Ib-in” 0.3 oz-in (min.) 40 bits per shaft revolution. For servo-driven air- 
(max.) A borne systems. Bi-directional. Readout on demand. 
20,000 bits/min 1.754" dia, x 2,375" 4.8 oz. 0.003 Ib-in” 0.3 oz-in (min.) 40 bits per shaft revolution. For servo-driven air- 
(max.) : borne systems, Bi-directional. Readout on demand. 
. 
20,000 bits/min 2.156" dia, x 2.375" 8 oz. 0.004 Ib-in” 0.3 oz-in (min.) 40 bits per shaft revolution. For servo-driven air- 
(max.) - borne systems. Readout on demand. 
7 
9 " - 11/9 5 5 - ic - 
1100 rpm 2 1/8" dia. x 31/32 5 oz. 158 gm-cm" 0.5 oz-in static i-drum unit. 
25 4" dia. ” ° ° 2 ° - 3 - ° 
0 rpm 1 94" dia. x 1 1/16 3.5 oz 48 gm-cm 0.1 oz-in static i-drum unit 
300 rpm 1 15/16" dia. x 1 43/464 5.75 oz. 104 gm-cm* 1.0 oz-in static 2-drum unit. 
- 
kK 5/16" dia 2 3/16" e e 2 . l= i - it. 
300 rpm 1 15/16" dia, x 2 3/16 7.75 oz 158 gm-cm 1.0 oz-in static 3-drum unit 
OF 
7/16" dia. 5/16" : -5 oz-i i - it. 
400 rpm 1 7/16" dia. x 1 15/46 4 0z 28 gm-cm* 0.5 oz-in static 3-drum unit 
A 
7 7/8" dia, x 2 13/16" 5 “ -0 oz- ic = . 
700 rpm 1 7/8" dia. x 2 13/16 6.5 oz 100 gm-cm 1.0 oz-in static 4-drum unit 
aoueseeeedl 
600 rpm 1 7/16" dia, x 3" 5 oz 2 2.0 oz-in static, 5-drum unit. 
20 gm-cm s : 
1.0 oz-in running 
TT 
Depends on cir- 1,062" dia. x 1,828" 2.4 oz. 6284 oe in? 0.5 oz-in starting, Miniature size combined with conservative reliabil- 
cuitry : 0.4 oz-in running ity. V-scan. 
—$—$—$_$—$_——_ 
2" dia, x 2 4964" 6 oz 0.08 einistel 0.4 oz-in Contains isolation diodes for sequential multiplexing 
; applications. 
2" dia, x 3 1932" 8 oz 0.08 wate 0.4 oz-in Contains isolation diodes for sequential multiplexing 
1 applications. 
a 
2" dia. x 4 13/6" 11 oz. 0.08 cae 0.4 oz-in Contains isolation diodes for sequential multiplexing 
: applications. 
2" dia, x 4 13/16" 11 oz. 0.08 oz in? 0.4 oz-in Contains isolation diodes for sequential multiplexing 
f applications. 

2 1/4" dia, x 4 3/16" 16 oz. 4.00 pane, 0.5 oz-in 

oo" ‘ AQ 2 saad 

2" dia. x 3 1932 9 oz. 0.08 oz-in 0.4 og-in 

2 ¥8" dia. x 4 11/64" 12 oz. 3.5 oz-in Sine and cos presented simultaneously, The limit £ 
and quadrant information are available for each 
function. 

——$____— 

2 1/4" dia, x5 1/4" 20 oz. Servo-driven unit, Sine and cos presented simul- 
taneously. The limit £ and quadrant information are 
available for each function. 

4/8" dia, x 3 916", 16 oz. 4.00 cactae 7.0 oz-in Sine and cos presented simultaneously. The limit 2 

. and quadrant information are available for each 
function. 
oe te Zz 
etal 
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| es 
| VOLTAGE INPU 
| MANUFACTURER MODEL TYPE INPUT ce LJ TYPE READOUT NUMBER SYSTEM NUMBER OF DIGITS ACCURACY 
i m ~~ — 
1 LIBRASCOPE, INC, 758-S Shaft Serial Sin-cos binary 8/quadrant 1 part in 384 
| (4 quadrants) 
— 
LIBRASCOPE, INC. 723 and Shaft Serial Binary coded 4 decimal 1 part in 2000 
723D decimal 
— 
LIBRASCOPE, INC, 724 and Shaft Serial Binary coded 5 decimal 1 part in 20,000 
724D decimal 
LIBRASCOPE, INC, 733 and Shaft Serial Binary coded 4 decimal 1 part in 3600 
733D decimal 
LIBRASCOPE, INC. 734 and Shaft Serial Binary coded 5 decimal 1 part in 36,000 
734D decimal 
LIBRASCOPE, INC, 735 Shaft Serial Binary coded 6 decimal 1 part in 360,000 } 
decimal 
F.L. MOSELEY CO, 20 C Voltmeter Voltage 3 mv to 300 v Decimal, binary 3 decimal 0.25% of full scale | 
coded decimal 
— 
NORDEN DIV., UNITED ADC-ST 7-BNRY Shaft Serial or Binary 7 1 part in 128 
AIRCRAFT parallel ; 
——— 
NORDEN DIV., UNITED ADC-ST 10-BNRY Shaft Serial or Binary 10 1 part in 1024 
AIRCRAFT parallel 
—_— 
NORDEN DIV., UNITED ADC-19-BNRY Shaft Serial or Binary 19 1 part in 524, 288 | 
AIRCRAFT parallel | 
_- 
NORDEN DIV., UNITED ADC-ST 7-BNRY-X Shaft Serial or Binary 7 i part in 128 
AIRCRAFT parallel | 
—_—_ 
NORDEN DIV., UNITED ADC-19-BNRY-X Shaft Serial or Binary 19 1 part in 524, 288 
AIRCRAFT parallel ! 
—_— 
NORDEN DIV., UNITED ADC-ST 9-Gray Shaft Serial or Gray 9 1 part in 512 
AIRCRAFT parallel 
—_ 
NORDEN DIV., UNITED ADC-ST 3-BCD Shaft Serial or Binary coded 3 decimal 1 part in 1000 
AIRCRAFT parallel decimal 
_— 
NORDEN DIV., UNITED ADC-3-BCD Shaft Serial or Binary coded 3 decimal i part in 1000 
AIRCRAFT parallel decimal 
NORDEN DIV., UNITED ADC-5-BCD Shaft Serial or Binary coded 5 decimal 1 part in 100,000 
AIRCRAFT parallel decimal — 
NORDEN DIV., UNITED ADC-ST 3-36 BCD Shaft Serial or Binary coded 3 decimal i part in 360 
AIRCRAFT parallel decimal _— 
NORDEN DIV., UNITED ADC-5-36-BCD Shaft Serial or Binary coded 5 decimal 1 part in 36,000 
AIRCRAFT parallel decimal = 
NORDEN DIV., UNITED ADC-5-LNG-BCD Shaft Serial or Binary coded 5 decimal 1 part in 36,000 
AIRCRAFT parallel decimal 
— 
NORDEN DIV., UNITED BRL-5 (ST) Shaft Serial or Binary coded 5 decimal 1 part in 360,000 
AIRCRAFT parallel 
NORWOOD CONTROLS Series 2100 Shaft Parallel Many codes 3 decimal 14% over 300° rotation 
% 
SOUTHWESTERN INDUS- ADC-5 Voltage a-c volts, Oto Serial or Binary coded 3 decimal 0.1% 
TRIAL ELECTRONICS 0.5; d-c current, parallel decimal 
co. 0 to 10 ma 
TALLER & COOPER, INC. DC4 Shaft Decimal 3 standard 0.1% standard 
TELECHROME MFG, TeleAD Shaft Parallel Decimal, 6 decimal To nearest unit count 
CORP. binary } 
WAYNE GEORGE RD-i3B Shaft Parallel Gray 13 1 part in 8192 | 
COR PORATION 
WAYNE GEORGE RD-8 Shaft Parallel Gray 8 1 part in 256 
COR PORATION 
WAYNE GEORGE RI-10 Shaft Incremental 1024 counts per i part in 1024 
COR PORATION revolution a 
WEST COAST RESEARCH To specifications Voltage 2,3,4 As specified 
CORP. 
we 
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SAMPLING RATE SIZE WEIGHT INERTIA FRICTIONAL SPECIAL FEATURES 
TORQUE 
4 1/8" dia. x 7 12" 30 oz, Servo-driven unit, Sine and cos presented simul- 
taneously. The limit £ and quadrant information 
are available for each function. 
3 1/16" dia, x 4 27/32" 22 oz. { — 0.6 oz-in (max.) Contains isolation diodes for sequential multiplex- 
ing applications, All four binary lines representing 
a decimal decade are available in parallel. Each 
decade is available in serial, lowest order first. 
3 1/16" dia, x 4 27/32" 22 oz. eee in? 0.6 oz-in (max.) Same as Type 723 and 723D. 
3 1/16" dia, x 4 2782" 22 oz. rao in? 0.6 oz-in (max,) Same as Type 723 and 723D. 
3 116" dia, x 6 98" 31 oz. a in? 0.6 oz-in (max.) Same as Type 723 and 723D. 
3 1/16" dia. x 6 3/8" 31 oz. aca in? 0.6 oz-in (max.) All four binary lines representing a decimal decade 
7 are available in parallel. Each decade is available 
in serial, lowest order first. 
1 per second 7" rack panel unit 35 Ibs, approx, Readout is of the ''on demand" type. Many outputs : 
e punched card, perforated paper tape, IBM type- 
writer, lamp bank. 
Limited by associated 134" x1 44" 3.6 oz, rarer ne in? 0.2 oz-in (max.) Employs self-selecting V-brush logic with digit and 
circuitry r mpl t both available, D-c or pulse output. 
Limited by associated 2 38" x 6 732" 44 oz 4800 aa" 6.0 oz-in (max.) Employs self-selecting V-brush logic with digit and 
circuitry gm apl t both ilable. D-c or pulse output. 
Limited by associated 41532" x 1 34" 10.4 oz, 0.0496 oz in? 0.2 oz-in (max.) Employs self-selecting V-brush logic with digit and 
circuitry : esis complement both available. D-c or pulse output. 
Limited by associated 1 916" x 1 34" 3.4 oz. 0.0495 oz in? 0,2 oz-in (max.) Employs V-disc in which V-scan technique is 
circuitry 7 transferred from usual brush position to precision 
pattern on code disc. D-c or pulse output. 
Limited by associated 3 31/64" x 1 Y4" 7.3 oz. 2 0.2 oz-in (max.) Same as Type ADC-ST7-BNRY-X. 
0.0496 oz-in 
circuitry 
Limited by associated 1 2982" x 2 14" 4.5 oz, ~ 2 0.2 oz-in (max.) D-c or pulse output. 
0.1677 oz-in 
circuitry 
Limited by associated 2 38" x 6 732" 44 oz 4800 ont 6.0 oz-in (max.) Employs self-selecting V-brush logic with digit and 
circuitry — complement both available. D-c or pulse output. 
Lim, by assoc. circ. 3 17/464" x 2 14" 9.22 oz, 0.1716 oz in? 0.4 oz-in (max.) Same as Type ADC-ST3-BCD. 
Lim, by assoc, circ. 5 916" x2 14 16.65 oz. 0.1716 eal 0.4 oz-in (max.) Same as Type ADC-ST3-BCD. 
Ae " a us = a 3< _ 
Lim, by assoc, circ, 11116" x3 14 15 oz 220 gm-on* 1.0 oz-in (max.) Same as Type ADC-ST3-BCD 
Th" ¢ /au' - - - 
Lim, by assoc, circ. 47/8" x2 14 13.20 oz. 0.1716 ra 0.4 oz-in (max.) Same as Type ADC-ST3-BCD. 
Limited by associated 7 5/64" x 2 1/4" 21 oz. 0.1716 in? 0.4 oz-in (max.) Counts in degrees and hundredths of degrees longi- 
circuitry a aa tude including sign in sequence 
plus 0,00 through plus 179.99 
minus 180.00 through minus 0.01 
plus 0,00 
Employs self-selecting V-brush logic. D-c or 
pulse output. 
Limited by associated 6,726" x 3,375" 5 Ibe., 6 oz. 3210 2 3.5 oz-in (max,) Highest resolution single turn encoder available; 
circuitry — measures accurately to 3.6 seconds of arc. 
D-c or pulse output. 
One readout/sec 47/8" x5 Ye" x 2 46" 32 oz. $e ‘ 2 0.5 oz-in (max.) Printed disc separated from brushes during 
a starting rotation, eliminates mechanical wear, Electrical 
wear removed because readout circuit is ener- 
gized only after disc is in contact with brushes , 
Long life and high signal levels. 
50 cps standard; Transistorized. 
faster rates in 
design 
9000 counts/min 3" x 4 12" x 2" 20 oz. i oz-in (max.) 
“Unique multi-drum unit. Separate switch for each 
bit. Readings on demand from integral memory. 
Outputs compatible with many devices. 
To 100/second 3 1982" dia, x7 172" 6 Ibs., 8 oz. 0.5 oz-in (max.) Optical unit. Designed to"meet applicable portions 


2 
150 gm-cm (max,) 


of MIL-E-16400B. Shift register attachment to 
provide serial output is available. 





To 100/second 


3 1932" x 4 932" 


4.5 lbs, approx. 


150 gm-cm” (max.) 


0.5 oz-in (max.) 


Optical unit. Designed for use alone or with 
Type RD-13B in two-speed system. 








Continuous 2 15/16" dia. x 4 7A6" length 2.5 Ibs, approx. 450 gm-cm* 0.5 in-oz, Optical unit, Outputs: Off--10 volts, On--2 volts, 
As specified As specified As specified Designed and built to specifications. Single- or 
multi-channel display and record systems. Various 
outputs: CRT, print, counter, tape. 
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... the instrument with the TAPE-SLIDEWIRE! 





Why not have 
highest accuracy... 


uf it costs no more ? ? ? 





The basic accuracy of the Ta’Pot® results 
from its designed built-in correction for 
variations in wire diameter, structure or 
mechanical arrangement. Calibration is 
simply represented by punched holes in 
tape (for gearing to an in-line counter) 
or by printed scale markings on the tape. 
B & H Instruments incorporating the 
Ta’Pot have a normal accuracy of 0.1% 
and higher accuracy is available. 








& 
The TA’PoT® is the fundamental NO MANUAL TAPPING or PADDING 
component of these B & H Instruments: is PERFORMED or NECESSARY. 
AUTOTEMP™, AUTOTAK™, 
MILLI-V-METER™, LOW COST and HIGH ACCURACY 
JETCAL Analyzer®, TEMPCAL® are the SIMPLE and 


NATURAL ATTRIBUTES of the DESIGN! 
For particulars write or telephone 
(EDison 6-7243)... IT CANNOT BE MADE LESS ACCURATE! 


— 
TA'POT is the registered trade mark of Howell Instrument Company 
B eH INSTRUMENT Co., INC. 
3479 West Vickery Bivd., Fort Worth 7, Texas 


Sales-Engineering Offices: ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, L.1.,N.Y., WICHITA, KAN., 
TORONTO, ONT. «George Kelk Lid.ij, MITCHAM, SURREY, ENGLAND (Bryons Aeroquipment Ltd.) 





Visit Us At Booth No. 847—ISA Show—Chicago 
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COMPONENTS 


DIGEST 


Electromechanical Switches Part 1 





§ witches are devices that open and 

close electric circuits in a variety of 
sequences and combinations. Because 
of the importance of the switching 
function in regulation and control, the 
variety of switches available to suit 
different applications is tremendous. 
Switches are closely allied to relays, 
which are in reality electromagnetical- 
ly actuated switches. Relays were de- 
scribed in Components Digest 5, and 
many of the principles covered, par- 
ticularly in connection with contact 
ratings, are of interest in switch selec- 
tion. Because of this previous coverage, 
relay-like devices are not considered 
in this Digest. 

Requirements of extreme reliability, 
compactness, very high switching 
speeds, low power handling capacity 
and resistance to difficult environments 
has led to the development of switch- 
ing devices of an esentially non-me- 
chanical nature. These switching de- 
vices are based primarily upon semi- 
conducting elements, such as diodes 
and transistors, used either individually 
or in special circuits as well as many 
newer types of semi-conductor ele- 
ments. Vacuum tube circuits, such as 
flip-flops, gas-tubes, magnetic cores, 
and certain types of nonlinear resonant 
circuit also provide switching. Gas 
tubes and semi-conductors have been 
used in chopper circuits to provide 
long life at high switching speeds. 
Similar devices are particularly impor- 
tant in digital computer applications. 

The principal deficiencies in these 
switches are: 
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e Relatively low power handling ca- 
pacity. 

e Imperfect switching action, com- 
parable to a high contact resistance, 
or a low dielectric resistance in a con- 
ventional mechanical switch. 

Notwithstanding these non-ideal per- 
formance features, the resistance ratios 
at open and short circuit can be ex- 
tremely high, and quite usable in low 
power level circuits. In particular, ap- 
plications to binary circuits present no 
problem. 

Because of the broad field which 
may be encompassed under the head- 
ing of switching devices, this Com- 
ponents Digest will be limited to me- 
chanically actuated switches. Even this 
more limited class includes such a 
variety that the mere process of de- 
scribing the principal types becomes 
a difficult task. Therefore, here and in 
part II we shall confine our considera- 
tions to a broad description of the field 
of mechanical switches and pursue 
specific types in greater detail in Sup- 
plements that will be published from 
time to time. 


SWITCH SELECTION PROCEDURES 


Because they may be used in so many 
different ways, it is important to con- 
sider many performance factors be- 
fore making a selection. Table I lists 
these factors compactly, describing 
each in considerable detail. Table II 
presents a concise step-by-step pro- 
cedure for switch selection as recom- 
mended by Electro-Switch Corp. Of 


course, an intelligent selection requires 
a broad knowledge of available types 
and their individual characteristics. 
Such information is provided under the 
individual switch descriptions pre- 
sented below and must supplement the 
more general viewpoint of Tables I 
and II. 

Similarly, Table III tabulates en- 
vironmental factors in switch selection 
while specific details regarding stand- 
ard environmental tests and require- 
ments, as governed by recognized spe- 
cifications, are summarized after the 
descriptions of individual switch types 
are concluded in Part II. 


SWITCH CONTACTS 


Because of their special importance 
to all types of switching devices, the 
subject of contacts requires particular 
consideration. The following material 
derived from information provided by 
Micro Switch is a valuable introduc- 
tion to this subject. 

To understand the fundamentals of 
sontact resistance, it is nm-cessary first 
to look at the physical and electrical 
phenomena that occur when two con- 
tact points with a potential difference 
between them, close or open a circuit. 
When a potential exists between two 
contacts of a switch, and the circuit 
is to be closed, the distance between 
the contacts is decreased until the ap- 
plied voltage causes an_ electrostatic 
failure cf the gap. At this point an 
electron tirw between the contacts is 
initiated, accompanied by a heating of 
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the cathode and cooling of the anode 
in accordance with the Thompson ef- 
fect. The contact material melts and 
establishes a continuous metallic path, 
thus making the contact. 

The “apparent” contact — surface, 
which is the entire bearing area of the 
contacts, does not truly represent the 
“actual” amount of contact area. This 
“actual” surface is the minute area 
within the “apparent” surface that is 
subject to the highest pressure, and 
which is proportional in size to the 
applied pressure. The actual contact, 
then, is made between two molecular 
layers separated by a film of gas or 
other alien substance. Should the con- 
tact within the “actual” contact sur- 
face be nothing except the molecular 
contact material, then the condition 
known as “cold weld” exists. 

There are two basic methods of 
mechanically accomplishing the closing 
of electrical contacts: the wiping 
action, and the striking action. Each 
method has certain physical character- 
istics that must be considered to com- 
plete the understanding of contact 
action. 

In the case of the wiping action, the 
closing process does not consist of a 
smooth action, but proceeds as a series 
of jerks in which the contacts weld 
and then break loose, allowing the 
contacts to slip and giving the illusion 
of a wiping action. This action occurs 
even when the contacts are not carry- 
ing sizable currents. 

In the case of the striking contacts, 
each contact is actually deformed by 
the impact. This deformation can 
either be elastic, in which the contact 
returns to its original shape after the 
removal of the pressure, or plastic, in 
which the contact does not regain its 
original dimensions. Most designers, 
however, have been able to overcome 
plastic deformation by studying the 
way in which the action takes place. 
For the purpose of this discussion, it 
is assumed that the switching device 
is going to be within its range of cur- 
rent carrying capacity, and not seri- 
ously overloaded. 


CONTACT RESISTANCE 


Contact resistance is a measure of the 
amount of energy dissipated between 
two conducting materials in touch with 
each other when a current flows be- 
tween them. Contact resistance may 
also be described as a measure of the 
difficulty encountered by electrons in 





TABLE Il 


Step-by-Step Procedures 
In Switch Selection 
Sketch the circuit to show what switch 

must do. 

What kind of load is to be handled— 
heater, lamp, transformer, motor; if 
inductive, give power factor. 

Will the switch work under unusual 
conditions of heat, moisture, vibra- 
tion, shock, or altitude? 

List the electrical and mechanical re- 
quirements, such as: current rating, 
voltage, a-c or d-c, number of poles, 
throws, positions, panel or base mount- 
ing, panel thickness and shaft length. 
Specify snap-action, detent-action, or 
momentary-contact (spring return). 
Type of contacts—make-before-break 
or break-before-make. 


SUGGESTED BY ELECTRO SWITCH CORP. 











trying to move between two conduct- 
ing materials in touch with each other. 
This type of resistance consists of 
three components: resistance of the 
contact material, resistance of the con- 
striction, and resistance of the film. 
Of these components, the material re- 
sistance of the contacts themselves 
may be neglected as it represents such 
a small portion of the total. 

Constriction resistance is caused by 
the fact that the actual contact surface 
is extremely small in comparison with 
the electrically conducting portion. Re- 
gardless of surface preparation, there 
are always minute “high spots” which 
are the actual points of contact. Lines 
of current flow are bent together 
through these narrow areas, causing in- 
creased resistance called constriction 
resistance. This resistance is dependent 
upon the following factors: contact ma- 
terial, shape of the contacts, condition 
of the contact surface and mechanical 
pressure holding the contacts together. 

As a general rule, constriction re- 
sistance will be higher for a smooth 
contact surface due to the relatively 
few actual contact points, than a slight- 
ly rough one. 

Common films responsible for film 
resistance are the oxides, sulfides, 
complex sulfates, and chlorinates of 
the contact material. In addition of 
course are physical impurities, such 
as water or oil vapor, dust, dirt and 
other contaminants that occur in the 
surrounding atmosphere. Some of these 
films have low electrical resistance, 
while others have remarkably high 
dielectric strength and in some cases 
serve to prevent current flow until the 
voltage is high enough to rupture the 
film. 

In the design of switching devices 
the following points may prove to be 
of assistance in minimizing contact re- 
sistance. 
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Fig. 1 Pin plunger basic switch show- 
ing movable serrated contact on spring 
and smooth stationary contact. Photo 


Courtesy of MICRO SWITCH. 





Fig. 2 Toggle switch by Electro Snap. 


Contact Material: Almost complete re- 
sistance to tarnishing and oxidation is 
found in platinum, palladium, gold, 
and certain of their alloys. 

Contact Design: Knurling of the sta- 
tionary contact and serration of the 
moveable contact helps to increase 
unit pressure, break through alien films 
and provide an escape for extraneous 
dirt. 

Contact Action: Moderately high con- 
tact forces combined with a sliding or 
wiping action is very desirable because 
they tend to make maximum use of 
the knurling and serration in breaking 
through films. In addition the growth 
of heavy oxide film is retarded by the 
higher contact force. 

Other Considerations: Care should be 
exercised to prevent the rubbing of 
insulating parts against metal with the 
resulting generation of dust. Tight en- 
closures to minimize the entry of for- 
eign matter is of the utmost importance 
in the reduction of switching difficul- 
ties. 


TYPES OF SWITCHES 


Switches may be broadly classified by 
generalized function: 

e Control — to power a circuit or elec- 
trical device 

e Limiting —to regulate the motion 
limits of moving members, such as in 
selector switches, and other types. Each 
type is described; examples and typical 
machine tools 

e Safety —to cut out a circuit under 
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“ESCO will make special rotary switches 
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power-transfer 
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triple-throw 
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circuit control requirements 
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_ of standard ESCO components. This includes 
switches to comply with BuShips drawings 
and MIL specifications. 


Write for Bulletin No. § 
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TABLE iI— 
Switch Selection Factors 


Type of Switch is certainly the most 
important single decision in choosing a 
switch. The varieties are so great that a 
general acquaintance with the more im- 
portant ones, as well as experience, are 
necessary in making an optimum selec- 
tion. Whether the switch is to be snap- 
acting or not depends upon the type of 
switch required, its capacity, and the 
manner of use. Large’ knife-blade 
switches provide excellent self-cleaning 
and large current handling capacities. 
However, untrained personnel can wreak 
havoc with such switches by improper 
opening and closing techniques. In many 
applications requiring low torque, or pre- 
cise switching angles, printed circuit 
switches are not snap-acting, nor are 
many other type switches designed for 
light operating forces. In other cases, 
however, because of the precise and pre- 
adjusted transit times, the snap-acting 
switch is to be preferred. 

In complex, low-power electrenic cir- 
cuitry, rotary selector switches, which 
may be stacked to provide a great many 
poles and switch positions, are commonly 
employed. Toggle switches are the work 
horses of input and. power circuitry. 


Configuration of the switch, related to 
available space, mounting dimensions, 
handling of the actuating element, type 
of connections to the switch, and aspects 
relating to ruggedness and safety, is an 
important selection factor. Some switches 
are distinctively marked, include sugges- 
tive colors and perhaps pilot lights indi- 
cating “on” and “off”. Sub-assemblies 
of groups of switches as, for example, 
push-button. assemblies form attractive 
and compact items for installation in 
equipment. 


Contact Arrangement is determined by 
how many separate circuits must be con- 
trolled and how many individual switch 
positions are required for each circuit. 


Contact Rating involves a variety of 
factors: Voltage and current which must 
be interrupted; in-rush current; altitude 
requirements; a-c, d-c, High frequency; 
continuous current ratings; temperature 
rise within switch due to ohmic drop 
across contacts; heat dissipation at con- 
tact; physical sizes of contacts; ohmic 
or inductive loads. 

Lamp load ratings are of the order of 
a quarter of the rating for a resistive 
load, while motor ratings may be as low 
as one tenth the rating for a resistive 
load. Inductive loads require derating 
due to the tendency to maintain an arc 
on breaking the circuit. Capacitor loads 
also cause heavy inrush current. In gen- 
eral, d-c loads are more severe than a-c 
loads. As contacts are being separated, 
the a-c will, at some instant, pass through 
zero and the arc will be extinguished. 
An. a-c circuit will also open at an aver- 
age current less than peak current. 

D-c currents introduce polarization ef- 
fects which hasten the deterioration of 
the contacts. Contacts must be derated 


at high ambient temperatures. 

The speed of make and break is an 
important factor in setting the rating of 
a switch. A high-speed “make” is de- 
sirable to minimize the duration of arc 
which forms as the contacts approach 
one another. A somewhat slower “break” 
action reduces the heavy transients which 
arise in d-c and inductive circuits and, 
to a lesser extent, in a-c current. 


Contact Cleaning is important since 
corrosion and contact pitting are normal 
occurrences. Simple push-buttons may 
actuate contacts by direct pressure in 
very low-level circuits, but where appre- 
ciable life, or high electrical ratings are 
required, some sort of self-cleaning ac- 
tion is indicated. 

Self-cleaning action is achieved by 
having the contacts slide over one an- 
other during switch operation. Knife- 
blade action provides excellent  self- 
cleaning but is difficult to incorporate in 
miniature contact elements. Over-travel 
after contact engagement may automati- 
cally cause a sliding action to develop 
between a pair of closing contacts. 


Switching Sequences are an important 
switch selection factor. During the inter- 
val in which a switch is changing its con- 
dition, circuit conditions of some com- 
plexity may occur. For example, in mul- 
tipole switches, it may be assumed that 
opening and closing the separate con- 
tacts cannot occur with perfect simul- 
taneity. Upon examination of the circuit 
diagram, the possibilities may be seen. 
There may be, for example, such un- 
pleasant circumstances as momentary 
shorting of a power supply, which may 
have a finite recovery time, the discharge 
of a condenser storage unit, the genera- 
tion of pulses or false counts in a digital 
control circuit and other design factors. 
The variety of possibilities is endless and 
attention should be paid to these possi- 
bilities when intervals of less than a 
milli-second are encountered. In most 
circuits, where a significant amount of 
inductance may be present, the inductive 
lag in current changes prevents possi- 
bilities such as these. Similar remarks 
apply to the subject of contact bounce, 
especially in the reduction of contact 
life, the accentuation of radio interfer 
ence and the errors which might be in- 
troduced in digital computer circuitry. 

Snap-acting switches attempt to mini- 
mize transit time and bounce. Many of 
the problems indicated above are handled 
by selecting switches which make and 
break contacts in a predetermined se- 
quence. The make-before-break type is 
a common example, where a pole of a 
double throw switch is connected to 
the second circuit before it has broken 
contact with the first. Other sequences 
are also possible. 


Insulation Resistance is important in 
high impedance circuits, especially those 
where precise computations are per- 
formed. For example, a summation re- 
sistor of 1 megohm would be seriously 
effected by a parallel 10 megohm re- 


sistance to ground. Low insulation re- 
sistance in a high voltage circuit may 
result in excessive dissipation within the 
dielectric leading to ultimate failure. 
For applications where arc-over is a prob- 
lem, the insulation material should be 
selected so as not to form a conducting 
surface film. Such a film may build up 
after repeated arcs on making and break- 
ing contacts, and lead to eventual flash- 
over. Barriers placed between high volt- 
age points can reduce this type of diffi- 


culty. Insulation resistance is particu- 
larly a problem after humidity tests 
when the dielectric has had an oppor- 


tunity to absorb water, and surface films 
of moisture may be present. 

Switches intended for use in high fre- 
quency circuits should be checked for 
stray capacitance. In certain applications, 
even a few microfarads are important. 


Radio Interference of switches should 
be checked. Arcing at switch contacts 
causes electrical noise covering a wide 
frequency spectrum, which may _inter- 
fere with communications equipment in 
the vicinity. The frequency and circum- 
stances of throwing the switch determine 
whether arc suppression circuits are in- 
dicated. 


Safety Features are often covered by 
standard specifications. The switch hous- 
ing and any metal portion emerging, 
other than the terminals, should not be 
“hot”. The mechanism should not crack 
or otherwise become defective as a re- 
sult of the normal handling encountered 
in actual use. Replacement should be 
simple. Danger should not be introduced 
to the operator as a result of environ- 
mental conditions which may short-cir- 
cuit or ground normally isolated portion 
of the frame. 


Standard Specifications involve various 
groups, such as agencies of the Armed 
Services, Underwriters Laboratory, JIC 
and ASA. They have prepared standard 
performance and evaluation specifications 
for the common types of switches. How- 
ever, because of the variety of switches, 
these specifications are far from inclu- 
sive but nevertheless serve as guides in 
the preparation of new specifications. 
Some standards go to great length speci- 
fying such design features as minimum 
internal creepage distance, for example, 
and switches meeting these standards 
may be relied wpon to deliver rated per- 
formance with an ample safety factor, 
as long as they are properly used. 


Environmental Factors are considered 
in more detail in Table II. Switches 
for the Armed Services must generally 
meet the same environmental specifica- 
tions as other component parts, typical- 
ly MIL-E-5272, (See Components Digest 
4, Environmental Testing). Because they 
are used in so many different places, in 
both military and industrial installations, 
switch requirements may include just 
about any of the environmental require- 
ments of related equipment, including 
neutron radiation, and extremely high 
temperature, for example. 
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There’s more than one way of skinning a cat 
—or making ideas work automatically. And 
AE has a bag-full. 


That’s because AE has had years of experi- 
ence in making relays and stepping switches 
work wonders in automatic telephone 
exchanges—and in automatic control devices. 


If you can use some down-to-earth magic in 
your designs, AE engineers will be glad to 
help. And you may well find that their sug- 
gestions can simplify the control package. 


They can also show you why AE relays and 
stepping switches cost you less in the long 
run. 


For instance, the AE Type 45 Stepping 
Switch, illustrated, has a free-floating 


paw] that never binds, never breaks, elim- 
inates the necessity of ever readjusting 
armature stroke, does away with double- 
stepping or overthrow. And the switch 
usually outlasts the equipment it’s built 
into! 

You’ll also be interested in knowing that AE 
is equipped to deliver completely wired and 


assembled control units designed to your 
specifications. 


Want more information? Just write the 
Director, Industrial Products Engineering, 
Automatic Electric, Northlake, Illinois. Ask 
for Circular 1698-H: Rotary Stepping 
Switches; Circular 1702-E: Relays for 
Industry; and our new 32-page booklet on 
Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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abnormal conditions where safety to 
operator or equipment may become 
a problem. 

Additional classifications may be 
based upon power handling capacity, 
ranging from negligible (in electronic 
circuitry) to thousands of kilowatts in 
big power station switch gear. 

In this Components Digest, switches 


are broken down by type, based upon 
their construction and physical configu- 
ration such as toggle switches, rotary 
specifications, as well as suggested ap- 
plications are given. Although special- 
ized types are too numerous to be listed 
completely, Table IV tabulates the 
more important ones. 

In addition to the usual selection 
factors of performance, size, rugged- 
ness and price, human factors must be 
given adequate attention since switches 
are usually hand operated. Hand oper- 
ation accounts, to a large extent, for 
innumerable variations. Safety, type of 
mounting, ease of manipulation, rug- 





gedness and shape of the actuating 
member are some of the “human fac- 
tors” to be considered in selection. 


Toggle Switches 


Toggle switches are low-cost, widely 
used, snap-acting switches which are 
actuated by motion of a toggle lever, 
(Fig. 2). These switches, properly 
applied, can give long life for the dif- 
ferent kinds of power loads they are 
rated to handie. When used under 
highly specialized conditions for which 
manufacturers information is not avail- 
able, as for example in high frequency 





TABLE ti—Environmental Factors In Switch 





Temperature: Switch must withstand 
ambient temperature + temperature rise 
of equipment + temperature rise within 
the switch itself. Latter rise is signficant 
when switch must carry sustained heavy 
currents. Dimensional stability affecting, 
for example, contact spacing, insulation 
properties of the dielectrics and spring 
characteristics all are affected by tem- 
perature. Corrosion of contacts is ac- 
celerated at high temperature. 

Differential expansion, particularly 
where dielectric and metal are rigidly 
joined, may introduce excessive stresses 
leading to cracks at low temperature, 
permitting entrance of moisture or other 
foreign matter and finally to volt- 
age breakdown. Unequal expansion of 
parts may lead to binding of the switch 
making it impossible to operate. Temp- 
erature shock emphasizes the strains of 
differential expansion as a result of tran- 
sient temperature differences, its princi- 
pal effect being the development of 
cracks. Changing temperatures encourage 
moisture condensation within. the switch 
with its inherent harmful effects. 


Altitude: Altitude affects flashover be- 
tween points having a difference of elec- 
trical potential, and, as a result, is of 
vital importance in establishing the cor- 
rect voltage ratings of a switch. Because 
of the importance of spacing, flashover 
is most significant in subminiature de- 
vices. Because arcing is more severe at 
high altitudes, contact damage on open- 
ing and closing of cicuits is accentuated, 
indicating a reduction in current as well 
as voltage rating. Relations between 
rating and altitude have been. previously 
treated in Components Digest 5, on Sensi- 
tive Relays. Moisture, oil, or other 
fareign substances in the atmosphere also 
require a reduction in rating. 


Humidity and Salt Spray: Moisture 
accelerates corrosion, particularly where 
dissimilar metals are in contact. A film 
of moisture across a dielectric surface 
acts as a parallel conduction path, and 
can lead to voltage breakdown. A re- 
duction in insulation resistance of the di- 
electric is caused by its absorption of 
water. 





Performance 





Entry of moisture in a switch can be 
reduced by such standard techniques as 
sealing or waterproofing hermetically 
sealed switches being available for criti- 
cal requirements. Humidity tests are de- 
scribed in MIL-E-5272, and MIL-STD- 
202, as well as other specifications, see 
Components Digest 4 on Environmental 
Testing. 

Salt spray, or operation in a salt-laden 
atmosphere, introduces corrosion prob- 
lems which may be more severe than 
those caused by humidity. However, it is 
easier to seal out salt than. moisture. 

In addition to its corrosive effects, salt 
deposits may interfere with the mechani- 
cal operation. of the switch, preventing 
proper contact closing. Salt deposits low- 
er breakdown voltage and arc resistance. 

To minimize salt spray damage, direct 
contact of dissimilar metals as classified 
in Application Design Note ADN-10878 
should be avoided, and exposed surfaces 
of corrodable metals should be suitably 
protected. Plating, painting, anodizing 
operations, provide suitable finishes for 
many metals and the use of inherently 
corrosion-resistant materials, such as 
passivated stainless steel, and the noble 
metals, is recommended. Fortunately, a 
great variety of excellent contact ma- 
terials are inherently corrosion resistant. 
Components Digest 4 on Environmental 
Tests describes salt-spray tests covered 
by the important military specifications. 
Federal Specification. QQ-M-151, “Metals: 
General Specification for Inspection of,” 
describes a salt spray test in detail. 


Vibration, Shock and Acceleration: 
Vibration may cause the contact arm to 
chatter, or introduce resonances leading, 
perhaps, to fatigure failure in the switch 
elements. Chatter can cause arcing as the 
contacts approach one another, intermit- 
tent contact, and the generation of radio 
noise. In application, the transmission of 
vibrational energy at the resonant fre- 
quencies of the contact arm must be 
avoided. As in all vibration tests, the 
structure supporting the element under 
test exerts a major effect on its resist- 
ance to vibration. 

Shock may introduce structural dam- 
age, contact bounce, arcing and electri- 


: some sort of sealing. 


cal noise. The nature of the shocks to 
be anticipated in use, as well as the ef- 
fects of intermittent contact behaviour 
during shock, are important factors in 
preparing a shock requirement for a 
switch. 

Acceleration is related to shock except 
in that it generally is more sustained and 
of lesser ampiitude. Structural rigidity, as 
well us proper functioning of the con- 
tacts in all directions of acceleration are 
the important performance factors. Com- 
bined acceleration and vibration or shock 
may result in improper functioning even 
though the INDIVIDUAL tests are success- 
tully met. For example, the deflection of 
a contact spring under acceleration may 
lead to malfunctioning when vibration 
deflections are added. Random vibration 
and acoustic noise tests are becoming 
more important in the simulation of mis- 
sile environments and tests requirements 
of these types may have to be included 
in the environmental specifications for a 
switch. ADDITIONAL ENVIRONMENT- 
AL REQUIREMENTS: Explosion re- 
sistance requires switch operation in a 
voltable atmosphere without causing an 
explosion. Because of sparking during 
contact opening or closing, this require- 
ment may be difficult to meet except in 
hermetically sealed units. 

Sand and dust interfere with the prop- 
er mechanical functioning of the switch, 
jamming the elements, and preventing 
proper closing of the contacts, as well 
as introducing abrasive wear. 

Fungus problems are best avoided by 
using non-nutrient materials, and_ the 
minimization of internal moisture by 


Combined Environments: Combined 
environments, dealt with in Components 
Digest 4, on Environmental Testing, in- 
troduces problems which may be non-ex- 
istent during the individual environment- 
al tests described above. Temperature 
and altitude, and temperature and vibra- 
tion, are the commonest combined en- 
vironmental conditions under which diffi- 
culties might be anticipated. The choice 
of natural combinations which may lead 
to particularly severe conditions must be 
made on the basis of the actual condi- 
tions anticipated in practice. 
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GROUND SUPPORT EQUIPMENT 


A Proven Kearfott Capability — Kearfott’s prominence in the design and production of 
ground support equipment is a result of 15 years’ experience in producing precision servo systems, 
computers, gyro reference systems and inertial guidance equipment. Kearfott test equipment 
is designed on modular principles which increase flexibility and economy and eliminate the 
obsolescence factor since modules can be readily modified or replaced. Modules are designed to 
be compatible with one another, thus providing test capabilities for a wide variety of applications. 


IN-PLANT TEST EQUIPMENT: Rack-mounted modules comprise the 
necessary metering circuits, signal generators and power supplies, 
switching circuits and junction boxes to perform the following tests 
on inertial reference systems: 

Voltage and phase « Current « Heating cycle checks « Verticality of plat- 
form in ground erection mode ¢ First order erection time in ground erection 
mode « Measurements of platform roll and pitch output angles in ground 
erection mode « Measurements of free drift of platform in azimuth in 
ground erection mode « Measurement of azimuth gyro torquer scale factor 


in ground erection mode 





Inertial Guidance System Test Console 


FIELD-TYPE TEST EQUIPMENT: Modularized, self-contained unit 
that provides all power and signal voltages to operate, test or trouble- 
shoot a gyro. All inputs to and outputs from the gyro are accessible 
at convenient jacks where connections to measuring equipment can 
be made, thereby enabling operator to evaluate gyro performance 
completely. Modules are slide-mounted for ready access if repair, 
modification or product improvement replacement are required. 
This portable equipment performs these basic tests: 

Insulation resistance « Warm-up time « Torquer scale factor measurement 
Gyro transfer function « Free drift « Gimbal offset drift « Continuity 
Signal Generator Null ¢ Phasing « Gyro drift « Fixed torque restraint 


Floated Gyro Test Console 


GENERAL PURPOSE D4TA PROCESSING: This data handling system 
provides a reliable, precise means of monitoring, logging and perform- 
ing an alarm function of up to 200 separate temperature, pressure, 
liquid level or flow transmitters. Manual controls are provided for 
scanning rates, automatic or manual logging, data input relating to 
operator, time, day, run number and type of run. 200 numbered lights, 
corresponding to specific points being maintained, provide a visual 
“off normal” display for operator’s warning. This system has growth 
built in and can be expanded in capacity to 1024 points and in scan- 
ning rate to 2000 points per second. 


Scanalog 200-Scan 
Alarm Logging System Write for complete information on Kearfott’s ground support equipment. 


Engineers: Kearfott offers challenging opportunities in advanced component and system development. 
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circuits where switch capacitance is 
important, it may be necessary to pin 
down additional design features be- 
yond those normally specified. Two and 
three position toggle switches and spe- 
cial 4-position types are available (Fig. 
3). Toggle switches are covered by 
MIL-S-3950, and MIL-S-6745, as well 
as additional specifications of indi- 
vidual government agencies. Switch de- 
sign and performance standards have 
been issued by non-military groups for 
commercial applications. Military 
Standards (MS) numbers have been 
assigned to many specific configura- 
tions. Approved suppliers of MIL-S- 
6745 switches are listed in Air Force- 
Navy Aeronautical Bulletin ANA-160. 
The subject of standards and specifica- 
tions is presented much more fully in 
Part II of this Digest. 

Current capacities in a-c_ toggle 
switch applications range in the vicinity 











TABLE IV 
Principal Types of Switches 





Toggle switches 
Push-button switches 
Microswitches 

Rotary selector switches 
Mercury switches, tilt-type 
Proximity switches 

Limit switches 

Pulsing switches 

Door interlock switches 
Open knife switches 
Enclosed, or safety switches 
Oil break switches 
Automatic switches 

Float operated switches 
Thermal switches 


Pressure switches 











TABLE V 


Typical Switch Ratings 
Under Different Load Conditions 
































CURRENT CAPACITY (AMPS) 
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Fig. 3 Subminiature four-way toggle 
switch mounts, in less than 2% inch 
square, The Unimax Type 8SB2-1 
combines the advantages of multi- 
circuit control, singlehole panel- 
mounting, and a toggle actuator, 
with subminiature size. Assembly 
consists of eight Unimax Type 
USMS5 switches, secured in a mount- 
ing bracket, with a four-way toggle 
mechanism. The 15/32-32 threaded 
bushing permits single-hole mount- 
ing in panels pu to 4 inch thick. 
Toggle is maintained in center posi- 
tion and is spring-returned from 
each of the four possible “operate” 
positions. Each “operate” position 
actuates two single-pole, double- 
throw switches. Eight basic switches 
contained in this unit meet Specifi- 
eation MIL-S-6743 and Military 
Drawing MS-25085-1. Electrical rat- 
ings of each basic switch are: 2.5 








; 


amperes, 30 volts d-c, inductive; 5 
amperes, 30 volts, d-c, resistive; 5 
amperes 125/250 volts a-c. 




















INTERNAL 
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MOUNTING 
PLATE 


Fig. 4 Snap-action switches derive their 
snap-action from a one-piece main 
blade. This slotted bi-positional piece 
is prestressed by heat treating so that 
the center member is compressed and 
the two outside members are under ten- 
sion. Depressing the actuating plunger 
forces the internal actuator against the 
two outside members of the main blade. 
The relationship between the members 
is thereby changed, and the blade snaps 
from the normal position to a second 





Fig. 6 The three functional switches 
operate at three lever positions: main- 
tained, center, and momentary from 
each extreme position. Two of the 
switches are actuated when the lever is 
moved to one extreme position and the 
other switch is actuated in the other 
extreme position. Basic switch which 
is used for the “electrical memory” 
is actuated (maintained) in the other 
extreme position. Lever returning to 
the center position does not affect the 


<— ACTUATING 
PLUNGER 


vat mSCONTACTS 
f hat 





ONE-PIECE 
BLADE 


positive position. When the actuating 
plunger is released, a bias in the blade 
returns it to the normal position, Ad- 
vantages: * High contact pressures re- 
sult in excellent resistance to vibration.. 
¢ Fast transfer time limits arcing and 
increases load capacity. * Variety of 
operating forces obtainable by varying 
thickness of blade. * Good repeatability, 
due to only one moving part. * One- 
piece precision tumbled blade has no 
wear points and provides long mechan- 
ical life. 








Fig. 5 Three-pole, double- 
throw unit is made up of 3 
Electro-Snap_ sub - miniature 
switches and an actuator. 











memory switch, which indicates the 
extreme position in which the lever is 
in or was in most recently, 


ELECTROMECHANICAL DESIGN 
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DEFINE YOUR SYSTEM REQUIREMENTS ...BOWMAR WILL DESIGN, 
ORGANIZE AND PRODUCE THE RIGHT SERVO PACKAGES FOR YOU 


Optimum performance, lighter weight and smaller size in 
electronic control systems can often be assured by logical 
design and grouping of precision components into complete 
servo packages. 


Bowmar has the experience, know-how and facilities to pro- 
vide all these advantages in servo package design. From your 
input and output requirements, weight and size limitations, 
Bowmar can design and produce the correct servo packages 
for the job—in any quantity required. 


INSTRUMENT CORPORATION 


Bowmar packages, integrated with guidance, communication, 
navigation, detection or control systems, will improve overall 
reliability and may well reduce the ever critical “waistline” 
below normal expectations. 


Your performance requirements are Bowmar’s primary “blue 
prints” to good package design. Why not let Bowmar show 
you how these engineering and manufacturing services can 
aid with your project? 


WRITE FOR NEWEST HANDBOOK AND NAME OF 





Tat WMAR 


8000 BLUFFTON ROAD > 


FORT WAYNE, INDIANA 





AUGUST 1959 


Precision Electromechanical Controls and Instrumentation, Servomechanisms, 
Precision Miniature Gearheads, Navigational Counters, Indicating Devices 


CIRCLE 43 ON INQUIRY CARD 


NEAREST BOWMAR REPRESENTATIVE * 
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Fig. 7 Sing'e-pole, double-throw, waterproof and _ dust- 
proof togge switch by Control Products, Inc. 


of 10’s of amperes, with d-c ratings 
but a fraction of the a-c rating. Table 
V relating to Micro Switch Series 31TS 
shows the current capacity as a func- 
tion of the natures of the applied 
voltage and load. Ratings in fractional 
horsepower motor circuits are analo- 
gous to lamp load ratings where high 
inrush currents occur. 

Some of the important special fea- 
tures and application requirements of 
the toggle type switch include, (in 
addition to the general selection fac- 
tors of Table I): 

e Sealed construction to prevent en- 
trance of moisture and foreign matter. 
e Ability to make or break circuits 
in all of three toggle lever positions 
(made possible by the combination of 
double-throw basic switching units in 
each switch). 

e Momentary switches, which main- 
tain a position only as long as the tog- 
gle lever is held, otherwise returning 
to a neutral or other fixed position. 
Combinations of momentary and de- 
tented positions are available. 

e Snap action, which provides con- 
trolled rates for the opening and clos- 
ing of electrical circuits, ideal for a-c 
applications where a relatively low 
speed is optimum for breaking a cir- 
cuit. See Fig. 4 for a description of 
the snap-acting principle on a Haydon 
switch. A snap-acting toggle switch 
designed for a-c may have to be 
heavily derated for use in d-c circuits. 
e Jumpers may be provided across 
some of the switch terminals for suit- 
able applications. 

e Multiple unit toggle assemblies are 
available for switching a number of 
separate toggle switches with a single 
lever, (Fig. 5). Such assemblies fea- 
ture compact design, simplified mount- 
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single-hole 


action. 





Fig. 8 Subminiature tog- 
gle switch mounting in less 
than 9/16-inch 
combines the advantages 
of doub!e-circuit control, 
panel-mount- 
ing and a toggle actuator. 
Assembly consists of a 
pair of Unimax Type 
USM5 | switches, 
in a mounting bracket 
with a two-position toggle 
mechanism. The 
threaded bushing permits 

single-hole mounting in panels up to 4” thick. 
Switch requires back-of panel space 25/32” long x 
21/32” wide and 21/32” deep. Two basic switches 
contained in this unit meet Specification MIL-S-6743 
and Mi‘itary Drawing MS-25085-1. Electrical ratings 
of each basic switch are: 2.5 amperes, 30 volts d-c, 
inductive; 5 amperes, 30 volts d-c, resistive; 5 am- 
peres, 125/250 volts a-c, single-pole, doub'e-throw 


square, 


secured 





4"-40 i 








ings and considerable versatility. From 
four to twelve single-pole, double- 
throw switches may be thrown by a 
single lever. In a design by Micro 
Switch, simultaneous operation of the 
basic switches is not required. 

e Hermetically sealed toggle switches 
are available for aircraft applications. 
Because they are sealed, performance 
and characteristics are unaffected by 
changes in atmospheric pressure, 
changes in temperature, corrosive at- 
mosphere, dust, dirt, oil or water. 
The sealed vapor-proof character of 
hermetically sealed switches prevents 
formation of condensation on the 
switch contacts, permitting a wide 
variety of uses for which other switches 
are unsuitable. These switches also can 
meet the 50-hour salt spray test QQ-M- 
151. 

e Miniaturized versions of most com- 
mon toggle switches are available, 
where space is at a premium. 

e “Electrical Memory” toggle switch, 
such as introduced by Micro Switch, 
uses one pole of its four pole circuitry 
to indicate which circuit was last 
operated (Fig. 6). This switch as- 
sembly employs three single-pole, dou- 
ble-throw “memory” switch that indi- 
cates through a pilot light or buzzer 
which circuit was last actuated. 

Figs. 7 through 9 show and de- 
scribe some of the many variations of 
toggle switch design for special ap- 
plications. 


Rotary Selector Switches 


Rotary selector switches are an ex- 
tremely flexible variety of switch for 
handling a great many connections. 
The basic contact arrangement may 
be expressed by the number of poles 





Fig. 9 Lear series 1472, magnetically- 
he'd toggle switches are specifically 
designed to withstand unusually high 


9? 


vibration and “g” loading and are 
qualified under the vibration require- 
ments of MIL-E-5272A. These units 
perform under the most severe environ- 
mental conditions and wi'l retain their 
automatic-disconnet reliability in vibra- 
tion frequencies up to 500 cps at 10 
g’s, providing positive circuit control 
whether manual or remote. Available 
in single-pole and double-pole models, 
Series 1472 Switches fit standard sin- 
gle-ho'e mountings per JAN provisions. 
They eliminate the necessity of “on- 
off” warning lights, and, unlike con- 
ventional designs, retain the natural 
feel of toggleswitch operation. Unus- 
ually light and compactly-packaged, the 
units incorporate a fail-safe feature 
which prevents the solenoid from pull- 
ing the switch closed, so that they may 
be armed in no other manner but man- 
ua'ly. They may be disarmed manually 
at any time, and they are automatically 
disarmed when the energizing voltage 
drops below five volts. Errors of cir- 
euit continuity which ordinarily result 
from residual magnetic fields after a 
power failure have been effectively 
eliminated by the Series 1472. Simpli- 
city of design and incorporation of 
balanced components assure a_ long 
operating life in a corrosion-resistant 
package weighing only 0.25 pounds. 
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Select-A-Spring ‘a i 


ready-to-use engineered standard springs ( AT! 


new concept 


to simplify your spring 








design and purchasing problems 
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P Now you can select compression or ex- wire certified to military and aircraft speci- 

i tension springs from hundreds of ready-to- fications, in various lengths, diameters, (! 
. use, engineered standard-specification sizes. rates, and loads up to 20 lb. They meet 

r No fuss or paper work—no blueprints or industry and military standards. Material 

) drawings necessary. Select-A-Spring en- is either music wire or stainless steel. Com- 7 

1 ables buyer or, designer to pinpoint his pression springs are squared and ground. 

P needs without delay. Simply match your Extension springs have regular loops. Other 

: requirements to the Select-A-Spring list, ends and loops optional. 


order by catalog number, quantity and ma- 
terial. Especially convenient where quan- 
tities are moderate. 

Select-A-Springs are pre-engineered, using 


Whether your need is immediate or 
future, write now for the A.S.C. Select- 
A-Spring list. Keep it handy as a time- 
saving, useful spring service. 









General Offices: Bristol, Connecticut 


, Associated Spring Corporation 






Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. Raymond Manufacturing Division, Corry, Penna. Seaboard Pacific Division, Gardena, Calif. 
B-G-R Division, Plymouth and Ann Arbor, Mich. Ohio Division, Dayton, Ohio Cleveland Sales Office, Cleveland, Ohio 
] Gibson Division, Chicago 14, il. F. N. Manross and Sons Division, Bristol, Conn. Dunbar Brothers Division, Bristol, Conn. 


Milwaukee Division, Milwaukee, Wis. Wallace Barnes Steel Division, Bristol, Conn. 


San Francisco Sales Office, Saratoga, Calif. 
Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. . 
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Fig. 10 Schematic of 4-po!e, 3-position, rotary selector 


switch. 


Fig. 





Baas ROTOR CONTACT TAB 
\INTEGRAL WITH BLADE 





13(a) Detent as- 
sembly of rotary selec- 
tor switch by Inter- 
national Inst., Inc. 








DISTRIBUTING CONTACT 








1 POLE. 12 POS. 


2 POLE, 6 POS. 













ROTOR CONTACT BLADE 


COMMON CONTACT 





decks. 








Fig. 11 Additional pole and contact configurations 
on rotary selector switch. This switch can provide 
one-pole contact with 12 distributing contacts on 
each deck. This permits switching with one pole, 
12 distributing positions, 2 poles, 6 distributing 
positions, 3 poles, 4 distributing positions, or 4 
poles with 3 distributing positions. This is accomp- 
lished by having each deck made of 3 wafers. The 
distributing contact opposite the pole contact is 
riveted through only one wafer allowing the middle 
wafer to act as the insulation between the pole 
contact and the distributing contact, Other contacts 
are riveted through the 3 wafers making the com- 
pleted assembly a deck. At this time International 
Instruments, Inc. offers the switch with up to 6 




















INTEGRAL WFTH TAB 


Fig. 13(b) Contact design of rotary selector switch by 


International Inst., Inc. 


and the switch positions for each pole. 
Fig. 10 shows a 4-pole, 3-position con- 
figuration. Fig. 11 shows additional 
contact arrangements in a diagram 
more closely approximating the actual 
physical appearance of these switches. 
Fig. 12 shows the appearance of a 
6-deck rotary selector switch. Shorting 
(make-before-break) and non-shorting 
(break - before- make) contacts are 
available. 

These switches can be broken down 
into two assemblies: a “detent assem- 
bly” and a “contact deck assembly”. 
Detent assembly gives positive switch 
action and prevents shift in setting due 
to vibration. 

In the rotary switch, the detent 
assembly is made up of a bushing and 
plate unit, and a shaft and index unit. 
Two steel balls carried in the bushing 
plate, and mounted on each side of 
the shaft, give the detent its indexing 
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action. Springs apply pressure on these 
balls and create balanced shaft thrust 
preventing binding or seizing of the 
shaft in the bushing. Varying the 
spring pressure, produces varying 
torque (Fig. 13). 

The detent is designed to give a 
feel and action like a toggle switch. 
In a toggle switch, operating force is 
stored in a spring. Switching takes 
place with a snap at maximum force 
and velocity. Arcing time between con- 
tacts is thus minimized, giving longer 
life to the contacts. 

In the detent, the action is some- 
what similar. Operating force is stored 
in the muscular tension of the hand. 
The detent lets go under maximum 
force and at maximum velocity so that 
by the time the contact tab has reached 
the mid-point of travel, the velocity 
has reached its maximum and the 
torque has decreased close to zero. 
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J 
Fig. 12 Six-deck rotary selector switch 
by International Instruments, Inc. 


ELECTROMECHANICAL DESIGN 








This sudden drop of torque resistance 
in the detent allows the force in the 


hand to give the switch ‘a high velocity. ‘ 


The contact deck assembly consists 
of a wafer of high dielectric strength 
material possessing good arc-resistant 
as well as good general mechanical 
properties. Requirements are largely 
based upon the need for resistance to 
severe environments as discussed in 
Table H—immunity to moisture and 
extreme temperatures, high insulation 
resistance, particularly in miniature 
units with close contact separations, 
and the mechanical properties to per- 
mit use of the insulator as a contact 
support and major structural member. 
Particularly important is the ability 
to withstand shock and vibration with- 
out cracking. 

Contacts are usually of the sliding 
type, providing the self-cleaning neces- 
sary for low contact resistances. Since 
most switches of the rotary selector 
type are used in low current electronic 
circuitry, silver or noble-metal alloys 
are generally recommended as contact 
materials. Contact resistance is of the 
order of a few milliohms. 

Rotary-selector switches for military 
use are governed by MIL-S-3786, al- 
though, as with most electromechanical 
components, manufacturers are coming 
out with smaller and better units in 
response to immediate customer needs. 
in particular, miniaturization is being 
pushed by manufacturers of semi-con- 
ductor devices. Part II will summarize 
the requirements of MIL-S-3786; Table 
VI shows test results by one manufac- 
turer on a miniaturized rotary selector 
switch in comparison with MIL-S-3786 
requirements. While life depends a 
great deal on environmental conditions 
and contact loading, Tech Laboratories, 
Inc. indicates a life of over 1,000,000 
cycles on a rotary selector switch for 
computer application. 
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Fig. 16 Switch by Daven with side 
terminal board. This is an eight-pole 


switch (five positions per hole) with | 


shorting-type action. Wiring is accom- 
plished before the switch is fully 
assembled, making for improved relia- 


bility as compared with wiring in a | 


relatively inaccessible position in a 
missile or airplane. 
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up to rd amperes with selected units 









Series 1005-1-1 


Series 1005-1-2 


Series 1005-2-3 


GUARDIAN 
Series 1005 micro-miniature RELAY 


Ideal for Industial and Military Applications 














Series 1005-2-5 Series 1005-3-4 


Here you see five important versions of Guardian’s famous Series 1005 
hermetically sealed micro-miniature relay. Reading the following facts 
will help you evaluate their superior physical and electrical charac- 
teristics: 

@ Series 1005—Available with 5 AMPERE contacts for 50,000 operations (min.) at 
125° C., or 100,000 operations (min.) at 25° C., upon specification. Standard rating 
is 3 amperes at 125° C. non-inductive, 28 volts D.C. Applicable to MIL-R-25018 and 
MIL-R-5757-C specifications. 

@ Fluxless Sealing—A Guardian first! Eliminates cost of flux materials and the time 
required to apply it. Coil lead splices are the only internal connections using solder. 
Guardian’s new exclusive fluxless solder sealing, in addition to use of non-gaseous 
materials, makes this relay adaptable to low energy level switching. 


@ Tested and Proved—Series 1005 operates on currents as low as 10 microamps at 
switching voltages of 30 millivolts with a minimum life expectaricy of 1,000, 


operations. We Invite Your Inquiry. 


Visit Guardian's Booth No. 3632 at'1959 WESCON SHOW 
GUARDIAN ELECTRIC 


MANUFACTURING COMPANY 
1641-)_ W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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Miniature Sealed Rotary Switch 





The Daven Company announces the 
development and availability of the 
smallest sealed, rotary, circuit selector 
switch ever made—its Series G Sub- 
miniature Switch. The switch measures 
1%” in diameter, weighs 1/3 ounce 
and has been tested under extremes of 
temperature, humidity, corrosion, vi- 
bration, acceleration, shock and im- 
mersion. It is specifically designed for 
supersonic aircraft, handie-talkies, pack 
sets, frogman communications equip- 
ment, mobile equipment and other 
such limited-space applications. 

All metal parts are fabricated from 
corrosion-resistant materials. Phenolics 
are heavily filled with non-organic 
fibres capable of withstanding high 
temperatures. Switch contacts are silver 
alloy. Wipers are rhodium-plated bery]- 
lium copper. Sixteen shorting and seven 
non-shorting switching arrangements 
are presently available in the Series G 


PHOTO COURTESY CENTRALAB. 





Fig. 14(a) Ganged printed circuit 
switches for direct plug-in to printed 
circuit connector receptacle. Since this 
illustration was taken, Centralab has 
modified the design by removing costly 
hardware from the insertion tab or 
terminal (bottom of switch). New de- 
sign now incorporates the insertion tab 
as an extension of the pheno’ic wafer, 
as illustrated in Fig. 14(b). 





Fig. 14(b) Printed circuit rotary 
selector switch for plug-in application. 
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TEST RESULTS VS. MIL-S-3786 REQUIREMENTS 


TEST PERFORMED 


Contact Resistance 
Dielectric Strength 
Torque 

Terminal Strength 
Temperature Cycling 
insulation Resistance 
Vibration 
Mechanical Shock 
Corrosion 
Endurance 


Moisture Insulation (Wet) 


TABLE VI 





TEST RESULTS 
.003-.004 ohms 
Conforms to MIL Spec. 
1% inch Ibs. 

Conforms to MIL Spec. 
Conforms to MIL Spec. 
Over 50 megohms 


Conforms to MIL Specs. 
Conforms to MIL Specs. 
Conforms to MiL Specs. 


Over 10,000 cycles 
Over 20 megohms 


MIL-S-3786 

.015 ohms 
Paragraph 4.5.4.1 
As specified 
Paragraph 4.5.6 
Paragraph 4.5.7 
10 megohms 
Paragraph 4.5.9 
Paragraph 4.5.10 
50 hour Salt Spray 
10,000 cycles 


3% megohms 


Resistance 


Moisture Insulation Resistance 
(After Drying) 


Over 50 megohms 


10 megohms 








Hydraulic 


Escutcheon pl. 


Fan Panel light 
Face Plate Panels 
Fog Light Pillar 
Foot-operated Pressure 
Fuel Tank Push 
Headlamp Pull 
Heater Pushbutton 





TABLE VIii 
VARIOUS TYPES OF SWITCHES USED ON 


Antenna 

Aux. light Ignition 

Back-up Ingnition Interrupter 
Compartment Light Key 

Defroster Knobs 

Diaphragm Lever-operated 
Dimmer Map and inst. 
Disconnect Master Switches 
Door Momentary 


Overdrive kickdown 


MOTOR VEHICLES 





Push-pull 
Radio speaker 
Release 

Resistor Assembly 
Rheostat 

Rotary 

Selector 

Slide 

Solenoid 

Spot light 

Starter 

Stop light 

Toggle 

Top lift 
Transmission 
Tumbler and Key 
Windshield Wiper 











Fig. 15 Daven’s new progressive short- 
ing type switch shorts out every other 
position on the switch but the one 
actually in use. Particularly useful in 
the metering of a single position, the 
switch assures that ony one position is 
in operation at any one time. Switch’s 
separate ring connection makes possible 
switching one meter between’ every 
position consecutively, continuous pro- 
gramming, and other special applica- 
tions. Among other applications are 
capacitor decade switching, sequential 
power distribution, ammeter switching, 
voltmeter switching, control decks for 
rotary solenoid operation, and network 
sequencing applications. These switches 
ean be ganged for mu!'tiple deck appli- 





cation. Solid silver alloy fingers, de- 
signed for self-wiping action ensure 
extremely low and uniform contact 
resistance. Contact materials and slip 
rings are made of solid silver alloy. 
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» UNIVERSAL 
PRESSURE SWITCH! 


After years of analyzing thousands of pressure switch speci- 
fications, our engineering department concludes that one 
UNIVERSAL design will fulfill 33.7% of all requirements. 


For the other 66.3% of pressure switch applications where 
the universal switch won’t do, we suggest rummaging about 
in our catalog which tells of a full line of ‘‘standards’’ now 
in production. 


AND, if you happen to have a really weird problem (currently 
6.93% of all inquiries) which can’t be answered by one of our 
standards, write to us anyway. We keep a few odd engineers 
who thrive on the off beat applications. 


Please direct all inquiries to the Sales Department where they 
will be judged impartially on the basis of clarity, sincerity and 
volume potential. Those inquiries which clearly demonstrate 
a ‘‘need to know’”’ will be answered promptly. 








“FROM INCHES OF WATER 
TO HUNDREDS OF ATMOSPHERES” 


CONSOLIDATED CONTROLS CORPORATION 


BETHEL, CONN., INGLEWOOD, CALIF. 
A SUBSIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION 
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ACE 
PLASTIC 
EXTRUSIONS 


SHAPES - CHANNELS 
SPLINES - PROFILES 
CORNER MOLDINGS 
RODS-TUBES 


IN THESE PLASTICS 


ACRYLICS e ACETATE e BUTYRATE 
STYRENE e POLY CARBONATE 
POLY PROPYLENE e METHYL STYRENE 
ETHYL CELLULOSE e POLYETHYLENE 
VINYLS — ELASTOMERIC AND RIGID 


/@\ FAST DELIVERY 


Write, wire, phone for Bulletin ES, sam- 
ples and prices . . . or send _ specifica- 
tions, blueprints for immediate quotation. 


ACE PLASTIC COMPANY 


91-44 Van Wyck Expwy. 
Jamaica 35, N.Y. 
JAmaica 3-5500 
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Insulated steel shaft 


Tapped stud Hardened roller 


ior mounting 


Stop 









¢ 


ligh conductivity 
spring arm 


Large silver to silver contacts 


Fig. 21 “Slow-Break” mechanism 
specially designed for a-c use. A 
positive cam-and-roller mechanism 
provides ‘“slow-break”, quick-make 


action—the action proved best for 
the application of these switches. 
Operating time is only a_sma!l 
fraction of a second, but is “slow” 
relative to conventional fast-acting 
switches. Relatively slow separation 
of the contacts permits the circuit 
to open at about the instant when 
the alternating current wave reaches 
the zero point, hence minimizing 
sparking and greatly increasing the 
life of the contacts over that of 
conventional switches. Contact arm 
earries a hardened steel ro'ler which 
follows the contour of a fixed cam 
ring as the arm is moved by the 












Fig. 19 Switches, using special gold- 
laminated contacts and slip rings for 
use in extremely corrosive atmospheres. 
In tests recently conducted on_ the 
Daven Type 11-CM-32 (a single-pole, 
32-position, shorting type switch), the 
unit was suspended in a sulphur atmos- 
phere at 45C for 245 hours. Initial 
contact resistance reading before sus- 
pension in this atmosphere was 0.001 
ohm to 0.002 ohm. After completion 
of the tests, the contact resistance was 
still only 0.0021 to 0.0025 ohm. Gold- 
laminated contacts and slip rings are 
available where extreme reliability is 
demanded of a switch which will be 
used in a highly corrosive atmosphere. 


Fig. 20 Clarostat’s miniature MIL-S- 
3786 rotary selector switch, with con- 
nections ranging from __ single-pole, 
12-position to 4-pole, 3-position, short- 
ing and non-shorting are avai'able in 
the “Potpot” or encapsulated version 
for exceptionally high protection 
against moisture, temperatures § and 
other environmental conditions. 


High strength ceramic 
‘driving hub 


= ' 
oleel cover 


Path of moving contact 


— 


pompression spring 


f 


Ceramic body 


PHOTO COURTESY OHMITE 


\" Rotor terminal 


rotation of the shaft. This action 
lifts the spring arm (contact arm) 
so that the moving contact lifts from 
the fixed contact as it is rotated, in 
either direction, and descends under 
strong spring pressure with a slight 
wiping, self-cleaning action. Cam- 
ring and roller also index the 
moving contact on the fixed contact 
at each tap position. Recommended 
uses for tap switches such as these 
include:  switehboards, _ rectifiers, 
heaters, motor contro}, ovens, tapped 
transformers, furnaces, x-ray equip- 
ment, dryers, diathermy equipment, 
are welders, radio transmitters, spot 
welders, ventilating fan _ control, 
battery chargers, voltage regulators, 
electrical machine tools and _ test 
equipment, 





ELECTROMECHANICAL DESIGN 


























eee (typical is a switch with one pole and 
up to ten positions shorting). 
The switch is provided with an “O” 
ring panel seal and two “O” ring shaft 
d- seals. Space between “O” rings on the 
- shaft is filled with silicone grease. De- 
tenting is accomplished by means of 
1e ° ie 
a true detent mechanism. Switch ex- 
Cy A 
™ tends an over-the-contact-distance of 
s- 9/16” behind panel. 
al Its ratings are: (a) 109,000 cycle 
s- life; (b) 125C temperature; (c) con- 
1 tacts 1 amp 250 volt d-c resistive and 
n 
aS 
d - Os Epp 
re 
is 
re 
e. 
S. 
n- 
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e, | 
wi Fig. 17 Solenoid-operated, uni-direc- | 
in tional rotary switch. Consisting of six 
a poles with 24 non-shorting positions | 
. per pole, the new unit can be operated | 
id at temperatures up to 125C and at 
altitudes up to 80,000 feet. It with- 
stands an acceleration of 50 G. Switch 
measures 234” square by 9” in overall! 
depth, including the solenoid. In this 
unit, connections can be made from | 
the switch body to a phenolic terminal AINIATIIRE ROTAR\ OriAV 
board mounted on the side of the raat wm : PV | LLL 
switch. In the field, connections can 
be made directly to the terminal board | e re 
rather than to the switch itself. This | —high sensitivity and 
facilitates the addition or subtraction | - . : 
of wires according to varying circuit | ha h contact raten an 
requirements. Unit is completely en- 0] J 
c'osed in a dust cover and can be oper- | . . 
ated for over one million cycles. less than 7 cubie anch Space 
125 milliwatts is all that’s needed to operate this relay. Even a single 
2 = transistor supplies enough power for fast, positive switching of the unit. 
"| 3 
6 9 3 amps for 100,000 operations is the minimum rating. be 
a 5 You get all this power in a unit measuring only 74” square x 1144” high, 
3 : and weighing only 1.5 ounces. 
: 5 30 G’s shock rating is standard for the Advance VGS. Unit operates 
Fig. 18 New commutator type switch, | under vibration of 15 G’s from 55 to 2000 cps...is fully operational 
. for use in Detalink receivers, tele- | for use in exacting military systems. 
metering systems, high-speed commu- | 
- tators, ~~ applications where 100 | 125°C high-temperature operation...down to — 65°C. 
in shortin ositions or 50 non-shorting | : 
v Henares oa required in an extremely | Hermetically sealed and Radiflo tested to meet MIL-R-5757C 
4 small physical space. The single-pole | test specifications. Available with two-pole, double-throw contact 
e or 7 aan ae Depth is | combination, and in many resistances and mounting arrangements. 
Pe 7%". Space saving feature of this switch, 
d which was developed specifically for : — 
ad use in missiles, is due to the molded a an 
Ss wedge-shaped contacts set into the | Be, = ADVANCE RELAVS 
d epoxy with extremely close contact | ee” 
“ spacing tolerances. Commutator bars | ——— A PRODUCT OF ELECTRONICS DIVISION 
t, are solid silver al'oy and the rotor is | ELGIN NATIONAL WATCH COMPANY 
tr beryllium copper with a welded silver | 2435 N. NAOMI ST., BURBANK, CALIFORNIA 
I, edge making contact with the stator. | 
44 Ratio of on-time to off-time on the | 
st unit shown in the figure is 1:1, but | 
can be varied somewhat for special | 
applications. Se2 us at Booth #1701 at the WESCON SHOW. 
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Fig. 22 Tandem assemblies are 
used to form multi-pole arrange- 
ments. Such switches are provided 
with extended shafts and are 
coup'ed together for single knob 
control, as shown. 
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Fig. 23 Ridges, smoothly glazed 
with yitreous enamel, are located 
between the taps. Spacing between 
the taps decreases as the numbex 
of contacts increases (for a given 
total rotation). Circuit is opened 
as the contact leaves the tap. 
Indexing, and a modified snap 
action, is provided as the contact 
glides down over the ridge and 
onto the tap. 





Fig. 24 Key-operated rotary switch 
by Electro Switch Corp. provides 
tamper-proof control of complex 
circuits. The key serves as_ the 
knob, and when removed, locks 
the switch in the se'ected position. 
This feature permits only author- 
ized persons to change the position 
of the setting, and provides tamper- 
proof protection of complex elec- 
trical circuits. Key-operated Type 
JR ESCO switch provides control 
of up to three sections, eight posi- 
tions, and the switch can be locked 
in any of the eight positions by 
key removal. 





Fig. 25 New geared-pair rotary 
switch assembly doubles the number 
of circuits control'ed. Gear-operated 
pairs of 16-position, 12-section Esco 
rotary multipo’e switches double 
the number of electrical circuits 
that can be controlled by a single 
knob. This type of assembly keeps 
switch length to a minimum and, 
along with sturdy detent mechanism, 
assures positive positioning of rotors 
at each 221% degree angle of rota- 
tion of the switch handle. Electrical 
rating (interrupting) is 5 amperes 
125 volts a-c at 0.80 power factor. 
Contacts are non-shorting (break- 
before-make). The geared-pair as- 
sembly has 16 handle positions, 15 
ON ard 1 OFF position. 





Fig. 26 Solenoid-operated, heavy 
duty rotary switches provide auto- 
matic, remote contro] of electrical 
circuits. Esco heavy-duty rotary 
multipole switches, assembled with 
so'enoid rotating devices that drive 
the switch through the cycle of 
contact positions, provide remote 
automatic or semi-automatic control 
of a series of complex circuits. The 
indexing stroke of the solenoid de- 
vice is matched to the degree of 
rotation between contact positions 
of the switch, and drives the rotor 
one position each time the solenoid 
circuit is closed. The circuit may be 
closed by push-button or by simple 
mechanical motion of the governed 
machine, providing the control 
needed for automation, 








Fig. 27 Special purpose switches by Cole-Hersee for the automobile industry. 
A great many types are used on motor vehicles, as listed in Table VIII. 
Switches such as these illustrate the tremendous variety found throughout 


industry. 
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Fig. 28 Submin- 
iature, snap-acting 
switch is used 
where cam applies 
operating force, as 
in many types of 
automatic equip- 
ment, 





1 Fig. 29 Unimax 
Subminiature 
snap - acting 
switch is designed 
for use where 
ambient tempera- 
tures are high 
and available 
space is low. 





350 ma 10) volt d-c inductive; (d) 
contact resistance less than 0.008 ohms; 
(e) dielectric strength 1000 volts RMS 
between terminals or to ground; (f) 
low capacity between all parts. 


Printed Circuit Switches 


Printed circuit switches fall into two 
categories: those employing printed- 
circuitry as a method of economical 
switch manufacture, and those de- 
signed for use in conjunction with 
printed devices. Fig. 14 illustrates both 
these types. Of particular interest is 
the printed circuit switch for insertion 
in printed circuit boards, eliminating 
the necessity of hand wiring each 
switch terminal, as well as eliminating 
the possibility of wiring errors. 
Because of the relatively complex 
contact arrangements possible in rotary 
selector switches, manufacturers have 
prepared standard formats and guides 
to assist in preparing an accurate 
specification. Table VII shows portions 
of a particularly complete guide pre- 
pared by Centralab, which is included 
here for its values as a check list of 
specification factors for this type. 


SWITCH VARIATIONS 


Because a suitable switch design can 
often simplify the function of an other- 
wise difficult to use piece of equip- 
ment, many special-purpose rotary se- 
lector switches have been developed, 
typical types being shown in the fol- 
lowing figures. Captions amply de- 
scribe these types. 

Part II of the Components Digest 
on switches will appear in our October 
issue. This part covers additional switch 
varieties, such as: push-button, mercury 
tilt, crossbar, stepping, thermal sensing, 
pressure sensing, limit and proximity 
as well as highly specialized types. 
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Fixed or Variable Minisource 





Transformer Cased 


MINISOURCE Power Supplies 


No Potting 

Printed Circuit Design 
Accessible Components 
Full Wave Bridge 


Flexible Voltage & Current Ratings 


SPECIAL UNITS 


Designed to your specs 


INPUT: 105-125 V AC 
REGULATION: better than 0.5% 
RIPPLE: better than 0.5% 


OUTPUT IMPEDANCE: less than 0.25 
ohms, DC—100ke 


POLARITY: grounded or floating op- 


eration 
































































































































































































































CREATIVITY IN SELF-ACTUALIZING PEOPLE—Part 2 





Part I appeared in our Jan. 1959 issue; a limited amount of reprints 
are available at 50 cents each. Check, money order or coin must 
accompany each order. 











Ardorthe later investigation on “peak-experiences” sup- 
ported and enriched these conclusions. What I did was 
to question many persons (not only healthy ones) about 
the most wonderful, most ecstatic experiences of their 
lives. This started out as an attempt to make a generalized, 
all-inclusive theory of the changes of cognition which had 
been described in: the various specific literatures on the 
creative experience, the esthetic experience, the love experi- 
ence, the insight experience, the orgasmic experience, and 
the mystic experience. The generalized word I used for all 
these happenings was “peak-experience.” It was my im- 
pression that each of these experiences changed the person 
and his perception of the world in similar or parallel ways. 
And I was impressed by the fact that these changes often 
seemed to parallel my already-described self-actualization, 
or at least effect a transient unifying of the splits within 
the person. 

So it turned out. But here, too, I learned that some 
comfortable beliefs I had held had to be given up. For one 
thing, I had to respect constitutional differences of the 
Sheldonian sort more than I had. Charles Morris reports 
a similar experience in Varieties of Human Value (Univ. 
Chicago Press, 1956). Different kinds of people get their 
peak-experiences from different kinds of happenings. But 
no matter where they get them from, the subjective expe- 
rience is described in about the same way. And I assure 
you that it was a very startling thing for me to hear a 
woman describing her feelings as she gave birth in the 
same words used by Buck to describe “cosmic conscious- 
ness” or by Huxley to describe the “mystic experience” 
in all cultures and eras or by Ghiselin to describe the 
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by Dr. A. H. Maslow 


The Peak’ 


creative process or by Suzuki to describe the Zen “satori” 
experience. It opened up for me also the possibility of 
different kinds of creativeness, as well as of health, etc. 

However, the main finding relevant to our present topic 
was that an essential aspect of the peak-experience is inte- 
gration within the person and therefore between the person 
and the world. In these states of being, the person be- 
comes unified; for the time being, the splits, polarities and 
dissociations within him tend to be resolved; the civil war 
within is neither won nor lost but transcended. In such a 
state, the person becomes far more open to experience 
and far more spontaneous and fully functioning—essential 
characteristics, as we have already seen, of creativeness. 
I quote from my forth-coming article “Cognition of Being 
in the Peak-Experiences”in J. Genet. Psychol (’59): 
“One aspect of the peak-experience is a complete, though 
momentary, loss of fear, anxiety, inhibition, defense and 
control, a giving up of renunciation, delay and restraint. 
The fear of disintegration and dissolution, the fear of being 
overwhelmed by the ‘instincts’, the fear of death and of 
insanity, the fear of giving in to unbridled pleasure and 
emotion, all tend to disappear or go into abeyance for the 
time being. This, too, implies a greater openness of per- 
ception since fear distorts. 

It may be thought of as pure gratification, pure expres- 
sion, pure elation. But since it is ‘in the world,’ it repre- 
sents a kind of fusion of the Freudian ‘pleasure principle’ 
and ‘reality principle’.” 

Observe that these fears are all of our own depths. It is 
as if in the peak-experience we accepted and embraced 
our deeper selves instead of controlling and fearing them. 
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“For one thing, not only the world but also he himself 
becomes more a unity, more integrated, and self-consistent. 
This is another way of saying that he becomes more com- 
pletely himself, idiosyncratic, unique. And since he is so, 
he can be more easily expressive and spontaneous without 
effort. All his powers then come together in their most 
efficient integration and coordination, organized and co- 
ordinated much more perfectly than usual. Everything 
then can be done with unusual ease and lack of effort. 
Inhibition, doubt, control, self-criticism, diminish toward 
a zero point and he becomes the spontaneous, coordinated, 
efficient organism, functioning like an animal without con- 
flict or split, without hesitation or doubt, in a great flow of 
power that is so peculiarly effortless, that it may become 
like play, masterful, virtuoso-like. In such a moment, his 
powers are at their height and he may be startled (after- 
wards) by his unsuspected skill, confidence, creativeness, 
perceptiveness and virtuosity of performance. It is all so 
easy that it can be enjoyed and laughed with. Things can 
be dared that would be impossible at other times. 

“To put it simply, he becomes more whole and unified, 
more unique and idiosyncratic, more alive and spontaneous, 
more perfectly expressive and uninhibited, more effortless 
and powerful, more daring and courageous (leaving fears 
and doubts behind), more ego-transcending and self-forget- 
ful.” 

And since almost everyone I questioned could remember 
such experiences, I had to come to the tentative conclu- 
sion that many, perhaps most, people are capable of tem- 
porary states of integration, even of self-actualization and 


xperience 


therefore of SA creativeness (of course, I must be very ten- 
tative in view of my very casual and inadequate sampling). 


PRIMARY, SECONDARY, AND INTEGRATED CREATIVENESS 


Classical Freudian theory is of little use for our pur- 
poses and as a matter of fact is partially contradicted by 
our data. It is (or was) essentially an id-psychology, an in- 
vestigation of the instinctive impulses and ther vicissitudes, 
and the basic Freudian dialectic is seen to be ultimately 
between impulses and defenses against them. But far more 
crucial than repressed impulses for understanding the 
sources of creativity (as well as the sources of play, love, 
enthusiasm, humor, imagination, and fantasy) are the so- 
called primary processes which are essentially cognitive 
rather than conative. As soon as we turn our attention 
to this aspect of human-depth-psychology, we find much 
agreement betwen the psychoanalytic ego-psychology (Kris, 
Milner Ehrenzweig), the Jungian psychology, and the 
American self-and-growth psychology. 

The normal adjustment of the average, common sense, 
well adjusted man implies a continued successful rejection 
of much of the depths of human nature, both conative and 
cognitive. To adjust well to the world of reality means 
a splitting of the person. It means that the person turns 
his back on much in himself because it is dangerous. But it 
is now clear that by so doing, he loses a great deal too, 
for these depths are also the source of all his joys—his abil- 
ity to play, to love, to laugh, and, most important for us, 
to be creative. By protecting himself against the hell 
within himself, he also cuts himself off from the heaven 
within. In the extreme instance, we have the obsessional 
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person, flat, tight, rigid, frozen, controlled, cautious, who 
can’t laugh or play or love or be silly or trusting or childish. 
His imagination, his intuitions, his softness, his emotionality 
tend to be strangulated or distorted. 

The goals of psychoanalysis as a therapy are ultimately 
integrative. The effort is to heal this basic split by insight, 
so that what has been repressed becomes conscious or pre- 
conscious. But here again we can make modifications as 
a consequence of studying the depth sources of creative- 
ness. Our relation to our primary processes is not in all 
respects the same as our relation to unacceptable wishes. 
The most important difference that I can see is that our 
primary processes are not as dangerous as the forbidden 
impulses. To a large extent they are not repressed or cen- 
sored but rather are forgotten, as Schachtel has shown in 
his article “On Memory and Childhood Amnesia” for 
Psychiatry (1947, 10, 1-26), or else turned away from, sup- 
pressed, (rather than repressed) as we have to adjust to a 
harsh reality which demands a purposeful and pragmatic 
striving rather than reverie, poetry, play. Or to say it in 
another way, in a rich society, there must be far less resist- 
ance to primary thought processes. I expect that education 
processes, which are known to do rather little for relieving 
repression of “instinct,” can do very much to accept and 
integrate the primary processes into conscious and _ pre- 
conscious life. Education in art, poetry, dancing, can in 
principle do much in this direction. And so also can edu- 
cation in dynamic psychology; for instance, Deutsch and 
Murphy’s Clinical Interview, which speaks in primary 
process language, can be seen as a kind of poetry. Marion 
Milner’s extraordinary book On Not Being Able To Paint 
perfectly makes my point. 

The kind of creativeness I have been trying to sketch 
out is best exemplified by the improvisation, as in jazz 
or in child-like paintings rather than by the work of art 
designated as “great.” In the first place, the great work 
needs great talent which, as I found, turned out to be 
irrelevant for my concern. In the second place, the great 
work needs not only the flash, the inspiration, the peak- 
experience, it also needs hard work, long training, unrelent- 
ing criticism, perfectionistic standards. In other words, 
succeeding upon the spontaneous is the deliberate; succeed- 
ing upon total acceptance comes criticism; succeeding upon 
intuition comes rigorous thought; succeeding upon daring 
comes caution; succeeding upon fantasy and imagination 
comes reality testing. Now come the questions, “Is it true?” 
“Will it be understood by others?” “Is its structure sound?” 
“Does it stand the test of logic?” “How will it do in the 
world?” “Can I prove it?” 

Now come the comparisons, the judgments, the evalua- 
tions, the cold, calculating, morning-after thoughts, the 
selections and the rejections. 

If I may say it so, the secondary processes now take 
over from the primary, the Appolonian from the Dionysian, 
the “masculine” from the “feminine”. The voluntary re- 
gression into our depth is now terminated, the necessary 
passivity and receptivity of inspiration or of peak-experi- 
ence must now give way to activity, control, and hard 
work. A peak-experience happens to a person; but the 
person makes the great product. It could be described as 





WORTH BUYING 
CREATIVITY 


Three articles on creativity were published in July in ETC.: 
A Review of General Semantics, Volume XVI, No. 3, 1959. 
The Nature of Creativity by Rollo May, Creativity as Personality 
Development by Harold H. Anderson, and Creative Resources: 
Their Care and Nurture by Franklin J. Shaw. Single copies of 
this issue may be obtained for $1.00 from the Editor, Professor 
S. I. Hayakawa, San Francisco State College, San Francisco 27, 
California. 
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a masculine phase succeeding upon a feminine one. 

Strictly speaking, I have investigated this first phase 
only, that which comes easily and without effort as a 
spontaneous expression of an integrated person or of a 
transient unifying within the person. It can come only if 
a person’s depths are availabie to him, only if he is not 
afraid of his primary thought processes. 

I shall call “primary creativity” that which proceeds 
from and uses the primary process much more than the 
secondary processes. The creativity which is based mostly 
on the secondary thought processes, I shall call “secondary” 
creativity. This latter type includes a large proportion of 
production-in-the-world, the bridges, the houses, the new 
automobiles, even many sciéntific experiments and much 
literary work which are essentially the consolidation and 
exploitation of other people’s ideas. It parallels the differ- 
ence between the commando and the military police be- 
hind the lines, the pioneer and the settler. That creativity 
which uses both types of process easily and well in good 
fusion or in good succession, I shall call “integrated creativ- 
ity.” It is from this kind that comes the great work of art 
or philosophy or science. 


CONCLUSION 


The upshot of all of these developments can, I think, 
be summarized as an increased stress on the role of integra- 
tion (or self-consistency, unity, wholeness) in the theory 
of creativenes. Resolving a dichotomy into a higher, more 
inclusive unity amounts to healing a split in the person 
and making him more unified. Since the splits I have been 
talking about are within the person, they amount to a 
kind of civil war, a setting of one part of the person 
against another part. In any case, so far as creativeness 
SA is concerned, it seems to come more immediately from 
fusion ot primary and secondary processes rather than from 
working through the repressive control of forbidden im- 
pulses and wishes. It is, of course, probable that defenses 
arising from fear of these forbidden impulses also push 
down primary processes a kind of total undiscriminating, 
panicky war on all the depths, But it seems that such lack 
of discrimination is not, in principle, necessary. 

To summarize, creativeness SA stresses first the personal- 
ity rather than its achievements, considering these achieve- 
ments to be epiphenomena emitted by the personality and 
therefore secondary to it. It stresses characterological qual- 
ites like boldness, courage, freedom, spontaneity, perspi- 
cuity, integration, self-acceptance, which make possible the 
kind of generalized creativeness I’ve been talking about, 
which, in turn, expresses itself in the creative life or the 
creative attitude or the creative person. I have also 
stressed the expressive or “Being” quality of creativeness 
SA rather than its problem-solving or product-making qual- 
ity. Creativeness SA is “emitted” like radioactivity and 
hits all of life, regardless of problems, just as a cheerful 
person “emits” cheerfulness without purpose or design or 
even consciousness. It is emitted like sunshine; it spreads 
all over the place; it makes some things grow (which are 
growable) and is wasted on rocks and other ungrowable 
things. 

As I come to the end I am quite aware that I have been 
trying to break up widely accepted concepts of creativity 
without being able to offer in exchange a nice, clearly 
defined, clean-cut substitute concept. Creativeness SA 1s 
hard to define because sometimes it seems to be synony- 
mous with health itself, as Moustakas has suggested in 
The Self (Harpers 1956). And since self-actualization or 
health must ultimately be defined as the coming to pass of 
the fullest humanness, or as the “Being” of the person, it is 
as if creativity SA were almost synonymous with, or a sine 
qua non aspect of, or a defining characteristic of, essential 
humanness. END 
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WORTH FILING 
Synchronous Motor 


12 page bulletin describes a new enclosed permanent mag- 
net type of synchronous motor for application in servo 
mechanisms, automatic machines, remote control and nu- 
merical control systems. At 60 cycles speed remains accu- 
rately at 72 rpm without gear reduction; torque is 150 0z-in. 
Because the motor has 3 leads only, a single-dash pole, 
3-position switch gives instant starting, stopping and re- 
versing. When used as a stepping or inching motor, d-c 
impul.es are converted into either 200 or 400 precise 
increments of one revolution of the motor shaft. 

Source: Superior Electric Co., 


Bristol, Connecticut. 
For Your Copy: Circle No. 167 on Ingiury Card 


Ceramic Trimmer Capacitors 


Precision ceramic trimmer capacitors, designed and built 

in accordance with MIL-C-81A, have an extremely linear 

change in capacity making them especially useful for pre- 

cision applications. Centralab, Milwaukee, Wisconsin. 
Circle No. 228 on Inquiry Card 


WORTH FILING 
Handling And Power Equipment 


Complete data on parts handling equipment, power recti- 
fication equipment, mechanical shaft seals, paper joggers, 
portable power tools, flow control valves, level switches 
and other product lines. 


Source: Syntron Company, 1185 
Homer City, Pa. 
For Your Copy: Circle No. 225 on Inquiry Card 


Combined Plug-Socket 


A new universal electric connector, a combined plug-or- 
socket unit handles up to 26 circuits and eliminates the need 
for matching male with female connectors in communica- 
tions and other equipment. A $1,200,000 Defense Depart- 
ment contract for the device has been received, and produc- 
tion is under way, said Mr. H. R. Cammer, president of 
Specialty Electronics Development Corporation, pointing 
out that the connector, first of its kind to be made in the 
U. S., “has a number of valuable commercial applications 
in telephone, telegraph and other electrical circuits”. The 
new type connector, a “non-reversing hermaphrodite”, acts 
as both plug and socket at either end of a multi-circuit tele- 
phone or telegraph cable, and is highly important for mili- 
tary purposes in making rapid connections under mobile 
field conditions. Any connector can be plugged directly into 
another without regard to polarity or change in conductor 
path. The unit being made under the current defense con- 
tract, Mr. Cammer said, is designed to connect up to 26 
circuits in a telephone cable. The basic principle, however, 
can be used for a single power or communications circuit, 
or an even larger number of cable circuits if required. 
“Eliminating the need for adapters or junction boxes in any 
type of electrical hook-up, either for power communica- 
tions, the new connector eliminates the potential error of 
mismatching cable ends, or the possible need for soldering 
new connections. It also provides substantial operating eco- 
nomics since there is no need to carry inventories of adapters 
and junction boxes.” Specially designed for the rugged field 
conditions, the unit is only 2% inches in diameter and 7 
inches long. Of completely waterproof construction, it has a 
unique arrangement of pins for maximum insulation of each 
circuit. All electrical contacts are gold-plated to prevent 
corrosion and loss of conductivity. 
Circle No. 247 on Inquiry Card 


ELECTROMECHANICAL DESIGN 
CIRCLE 41 ON INQUIRY CARD => 
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= NEW PANEL MOUNT TRIMPOT” 














3-Or- Now, Bourns combines the convenience of a panel 
1eed mount potentiometer with all the advantages of a rec- 
1ica- tangular unit—Small Size: requires 1/12 sq. in. or less 
oart- of panel area—Setting Stability: self-locking shaft with 
duc- no cumbersome locknuts—Adjustment Accuracy: multi- 
t of turn shaft provides up to 9000° rotation. 
iting All of the many Trimpot models are now available with 
the the panel mount feature as a result of a unique design 
tions that permits quick attachment of a panel mounting « 
The assembly to standard ‘‘on-the-shelf’’ potentiometers. 
acts Rugged stainless steel construction assures compliance 
tele- to Mil-Specs for vibration, shock, salt spray, etc. Screw- 
mili- driver adjustment is easily made from the front of the 
; panel...recessed head prevents accidental changes of 
bile setting...silicon rubber O-ring and Teflon washer pro- 
sa vide moisture barrier from outside elements. 
rt Specify the panel mount Trimpot. Get reliability backed 
, 96 by years of engineering, manufacturing and field experi- 
ra ence. Write for complete data and list of stocking dis- 
ver, tributors. 
cult, 
1ica- { if BOURNS, Inc. 
r of 
ptt HASSIS MOUNTING. PRINTED CIRCUIT OR PANE P.O. Box 2112K, Riverside, California 
sters i \ bade ies " Cy “ beens m ' Plants: Riverside, California 
field ‘ Vial | pestis: and Ames, Iowa 
id 7 
aS a t In Canada: Douglas Randall (Canada), Ltd., licensee 
each 
vent Exclusive manufacturers of Trimpot®, Trimit®. Pioneers in potentiometer transducers for position, pressure and acceleration. 
SIGN 








THAT 


yRolelon: 


AND 


THERMOCOUPLES 


WILL WITHSTAND 


UP TO 50,000 PSI _ 





a 















‘NEW, SIMPLE 


insulated thermocouple wire. 


of insulation. 
Write 
for New 


Bulletins Wire. 





CONSTRUCTION 


Made from metal sheath over ceramic 


Metal sheath can be bent and weld- 
ments can be performed without loss 


3.8 for complete thermocouples. 
4 for AerOpak Ceramic Insulated 


INSTRUMENT COMPANY, 
315 NORTH ABERDEEN + CHICAGO 7. ILL. 


TAYLOR 
9-64200 





INC. 


Sales Representatives throughout the United States and Cancda 


CIRCLE NO. 30 ON INQUIRY CARD 





NEW 


PLASTIC DESIGNS! 
MATERIALS! 
APPLICATIONS! 


ON YOUR DRAWING BOARD 





Pe 
to 
Kelp - 
Polypropylene 
Tefion = 
n 
ey’? 
, poy 
anes ~ 
gf RS Standard offers you uniform, close tolerance 
Vv SS parts, controlled-quality production plus money- 
9 saving manufacturing techniques. Our 20-year 


background in the design and production of all 
types of plastic component parts assures you of 
quality workmanship at very economical cost. 
Write us today! All inquiries receive our prompt 
and interested attention. 


| a, 


sidan STANDARD PLASTICS ~emoany 


molders 


NEW YORK OFFICE 303 FIFTH AVENUE TEL. MURRAY HILL 6-0327 


of the 


MAIN OFFICE AND FACTORY 62 WATER STREET TEL. 1-1940 


unusual 


ATTLEBORO, MASS. 
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PRODUCT INDEX 
TO 
ADVERTISING 


Products Page 

Number 
Assembly Kits, Circuit ......... 16 
Assembly Kits, Servo .......... 27 
Bearings, Retainer ............ 21 
Bearings, Self-Aligning ........ ) 
ES oe ee ere 64 
Chains & Sprockets .......... 8 
Component Parts, Plastic ...... 58 
Components, Precision ......... 18 
ee ere eee 7 
Controls, Temperature ........ 10 
Converter, Analog-Digital ...... 26 
SRS a aids ee ere waive 7 
Dials, Digital Readout ........ 63 
Employment Opportunities 11, 25, 59 
Extrusion Plastic ............. 50 
Gears, Differential ............ 18 
Ground Support Equipment .... 41 
Metals, Temp.-Voltage Control .. 4 
EE OU Gis cee Re eeees 13 
Pe, SE io kaa wAS aes 12 


Motors, Synch. & Inductive .... 17 


RaCtors, “THMING oko so s0es.s%% 15 
Pees bs a veda wb ee 43 
Plating, Silver Liquid .......... 6 
Potentiometer, Digital Output 34 
Potentiometers, Trimming ...... 57 
Power Geatee on. 06 coe ees 14, 53 
Quartz, Fused, High Proximity .. 4 
Relay, Micro-Miniature ........ 47 
Relay, Miniature ............. 51 
Relay, Subminiature .......... 3 
NS en er 12 
Rubber, Silicone Sponge .Cover 2 
emments, TAGE «ons fs cecvcey 62 
EPO PCCTT Terr ere Tre 45 
I else gains bad pen a 0% ea 7, 36 
EE | ree 23 
i, COE os vs cack one as 15 


Switch, Pressure ........ 49, Cover 4 
Switch, Rotary ........37, Cover 3 
Switch, Snap-Action ......... 2, 61 
EE ont ea oe kan kaae 39 
Switch, Sub-Miniature ....... 8, 60 
Switch, Temperature .......... 22 
Symposium, Motor ............ 17 
NS OSES COPEL CCL E 13 
pn errr ere rer TTT e 58 
Transducer, Pressure .......... 24 
er 19 
Voltmeter, Digital ............ 34 
Wire, Ductile & Non-Ductile ... 5 
Ween, TOO 25. cccctcensves 26 
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age 
nber 

16 

27 

a NEW PROGRAM 

9 

64 

8 

58 

18 Raytheon enters new weapons systems program 

10 and offers advancement opportunities for both 

26 Junior and Senior electronics engineers with ex- 

perience in the following fields: 

63 
, o9 e Microwave engineers—component and antenna 

50 design 

18 e Communications systems 

4] 

e Guidance systems 

4 
13 e Computer systems 
-~ e Radar systems 

‘ 
15 e Inertial reference systems 
43 e Feed-back control 

6 ; 

34 e Auto-pilot 

A e Ground support 
be or 

e Electronic packaging engineers 
e Radar systems engineers (project management) 
47 , 
5] Please forward e Electromechanical engineer for missile control . 
3 resume to: and auto-pilot design (project management) 

12 
= Mr. W. F. O’Melia e Mechanical engineer experienced in ground han- 

62 Employment Manager dling of large missile systems (project manage- 

45 Raytheon Manufacturing Co. ment) 

: “4 Bedford, Mass. 

15 | You and your family will enjoy the many advan- 
bed : or call collect: tages of living in the metropolitan Boston area. 
fer 
» 6] ' Relocation assistance and modern benefits. 

39 Crestview 4-7100 
3, 60 Extension 473 
99 
17 MISSILE SYSTEMS 
D/V/S/ON 

13 = ———p— 

58 

24 Excellence in Electronics 

19 

34 

5 
26 
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NEW... 


UNIMAX 
CATA 


Catalog No. 159 
Covers subminiature 


Catalog No. 359 
Describes sealed, !ow-cost, gen- 


high-temperature (up to eral-purpose, low-force, high-sensi- 
650°F), commercial, MIL- tivity, environment-free, 


+ 


type Tehleelslesl-lahenaa-1-) eal -ie-lbet-b-1 lem Uh ME Lalo MEV Biel i a-Tos 
and de) -4-41- mea hos current, and reset precision 
16 pages snap-acting switches — 28 pages. 
Complete engineering data: dimension draw- 
ib et:4- Wie de) aol -ME- belo MB coleh Zest sehayeltebeler-tate) elm d (tegalert 
ratings, integral and auxiliary actuators, bases, 
cS eecbter-UlMmataetthae-tee-tel-<seelseta-Mmr-TeleMe\ BOO) 0. Wise beter 
ard definitions of sensitive-switch terms. 
Write today for your copy. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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Inquiry Page 
Number ADVERTISERS Number 
A 
44 AcE Puastic Co. 50 
30 AERO RESEARCH INSTRUMENT Co., INC. 58 
18 ALDEN Propucts Co. 16 
§ ALLENAIR CORPORATION 7 
14 AMERICAN ELECTRONICS, INC. 13 

(Instrument Division) 
46 AMERICAN SEALANTS Co. 62 
“ee AMPHENOL-BorG ELECTRONICS CORPORATION 63 
(Borg Equipment Division ) 

“3 APPLIED SCIENCE CorRP. OF PRINCETON ° 
40 ASSOCIATED SPRING CORPORATION 45 
38 AUTOMATIC ELECTRIC Co. 39 

B 
35 B & H INstTRUMENT Co., INC. 3. 
24 BARDEN CORPORATION, THE 2 
as BoEHME, H. O., INc. 
4] BourNs LABORATORIES, INC. 5 
43 BoMAR INSTRUMENT CORPORATION 43 
BristoL Co., THE ° 
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Cc 
” CENTRALAB ° 
(Div. of Globe Union, Inc. ) 

i CoLe-HERSEE Co. 7 

2 CoMAR ELEctTrRIC Co. 3 
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47 CONSOLIDATED CONTROLS CORP. 49 

° CONSOLIDATED ELECTRODYNAMICS Corp. . 
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(Division of Daystrom, Inc.) 
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45 ELGIn NATIONAL WATCH 5] 
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HAYDON...RELIABLE 
SOURCE FOR MINIATURE 
SNAP- ACTION SWITCHES 







j 
j 


| ' Series 6100, 
\ spst 





Series 8100, 
SPST DPDT 

These switches meet requirements of MIL-S-6743 and 

MIL-E- 5272A, Procedure Ili (vibration). 


Series 7100, 








Series 5200 Plastic Cased 
Switches 


Vending Machine 


Model, 


with Actuator 
<>? 


Full Range of <> 
Operating Forces Available 


Series 5300 Plastic Cased Switches 


‘ Standard Model, 
_ MS25085 Configuration 


These switches meet MIL-S-6743 oe 


Special Switches and 
Assemblies 


Special Space- 
Saving Configuration 








High Temperature 
Switch (700°F.) 


Landing Gear 
Switch 


Aircraft 

Limit Switch 
These are only a few of the many precision switches devel- 
oped by Haydon for aircraft and industrial applications. 
Haydon engineers are prepared to solve your switch design 
problems—or call on one of their twenty-three field offices 
for immediate help. 


For accurate, dependable performance in miniature and 
subminiature switches, it pays to contact Haydon Switch! 


As a starter, send for the new Haydon 
Catalog containing full data and specifi- 
cations on standard and special precision 
switches. 


TTT ica 


WATERBURY 2, CONNECTICUT 
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LOCTITE 
secures 98 studs 
against vibration 





| ie Baer Se. 
Locking studs with Loctite Liquid 
Sealant in transmission unit of 
jet aircraft starter. 


Cast aluminum gear cases for jet air- 
craft starters are machined and assem- 
bled at The Black Rock Manufacturing 
Company, successor to Reed-Prentice 
Corp., Bridgeport, Connecticut. The 
98 studs used in the unit are treated 
with LocTITE Sealant to secure them 
against vibration. The jet starter units 
receive an input of 2500 rpm and de- 
velop output of 5000 rpm to each of 
three flexible shaft connections. Loc- 
TITE was selected for this application 
since it provides a greater prevailing 
torque than any mechanical locking de- 
vice. The locking strength of LOCTITE 
is not affected by the wide temperature 
ranges the unit encounters in arctic to 
tropic operation. 


Stud thread is hand- 
dipped in shallow 
tray of Loctite, then 
positioned in casting 
for tightening. Three 
sizes of steel studs are 
used: 4%”"-20, 54"- 18 
and %"-16. 







Two %"-14 thread 
inserts are treated 
with Loctite to lock 
and seal in casting. 
The inserts provide 
non-abrading 
threads for remova- 
ble oil-drain plug. 


LocTiTE Sealant is a thin liquid that 
hardens into a tough heat and oil-resis- 
tant plastic bond when confined be- 
tween closely fitting metal parts. No 
amount of vibration will shake loose a 
LocTITE treated threaded fastener, yet 
ordinary tools may be used 
to remove the part. LOCTITE 
is used to hold bearings, 
bushings, or hardened sleeves 
to shafts without press fit; 
seals joints against high pres- 
sure fluids. Write for litera- 
ture and free sample. 


LOGTIVE sex.un1 


AMERICAN SEALANTS COMPANY 
109 Woodbine St., Hartford 6, Conn. 
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For Your 3-Ring Binder 


NEW DATA SHEETS 


For your free copy of the data sheets listed on this page, 
circle the appropriate number of the item on the Inquiry Card. 


SIZE 11 POTENTIOMETER 183 


Designed to meet the need for a precision 
miniature servo component relating shaft 
position to an a-c voltage, Series 4 
Vernistat pots feature high linearity, low 
phase shift, high input and low output 
impedance. Specifications, design benefits 
and general application information. Ver- 
nistat Div., Perkin-Elmer, Norwalk, Conn. 


PORTABLE BALANCER 164 


Instrument is adjustable to any job from 
below 10 millionths of an inch to over 1/10” 
to 1/8” amplitude of vibration for eliminat- 
ing vibration in grinding wheels and cutter 
heads, detecting vibration caused by worn 
bearings, belts and misalignment and for 
balancing all assembled equipment such as 
blowers, fans, pumps, turbines, rolls, mo- 
tors, engines, drive shafts, generators, ma- 
chine tool spindles, gears, couplings and 
chucks. Stewart Warner Corporation, Chi- 
cago, Illinois. 


RADIATION RESISTANT SERVOMOTOR 177 


Servomotor operates effectively at tempera- 
tures ranging from —54C to +200C with- 
stands 108 through 101° roentgens of radia- 
tion and has a high torque-to-inertia ratio. 
Kearfott Co., Clifton, N. J 


AIRBORNE PRESSURE SWITCHES 173 


General-purpose pressure switches includ- 
ing pneumatic and hydraulic types, high 
vibration models and differential pressure 
units; special application units such as al- 
titude switches, high-temperature 650F 
models and pressure ratio switches, and 
aircraft gauges. Consolidated Controls 
Corp., Bethel, Conn. 


CASE LATCH 159 
Locking devices for use on rigidly specified 
military cases and commercial containers 
lie flat against mounting surface extending 


just 7/16” from container surface. Sim- 
mons Fastener Corp., Albany, N. Y. 
TRANSISTORIZED POWER INVERTER 260 


Used to drive ac gyros and other ac devices 
from a battery source, this transistorized 
regulated power inverter incorporates a 
unique circuit which eliminates the tenden- 
cy of ac gyro spin motors to hunt when 
near synchronous speed. The output wave- 
shape of the inverter is sinusoidal—avoid- 
ing the heat-producing harmonic currents 
which are characteristic of square Wave 
operation. Arnold Magnetics Corp., Los 
Angeles, California. 


SELENIUM RECTIFIERS 253 


Catalog contains complete descriptions, da- 
ta and specifications for glass or phenolic 
tube cartridge selenium rectifiers. Syntron 
Co., Homer City, Penn. 


TRANSISTOR POWER DISSIPATION 244 


Methods of determining the maximum 
power dissipation in transistors, and the 
effects of maximum power dissipation on 
circuit considerations and factors to con- 
sider in arriving at an allowable collector 
dissipation such as thermal runaway are 
illustrated and discussed in pamphlet. 
Valor Instruments, Inc., Gardena, Calif. 





SYNCHRO TRANSMITTERS 175 


Transmitters specifically designed for the 
requirements of air and missile borne elec- 
tronics, weigh less than half an ounce, 
with standard accuracy held to within 10 
min. Daystrom Transicoll, Worcester, Pa. 


SELF-SEALING COMPONENTS AND 174 
FASTENERS 


Description of a complete line of single- 
unit, high-pressure seals and fasteners 
suitable for military, commercial and in- 
dustrial applications. Includes toggle switch 
boots, rotary shaft seals, push button 
switch boots and indicator light seals, pre- 
sented by means of engineering drawings 
and complete specifications in tabular form. 
A. P. M. Corporation, Yonkers, N. Y. 


TRANSISTOR DATA 251 


Transistor chart lists typical operation and 
maximum ratings of production transistors. 
Semiconductor Products, Bendix Aviation 
Corporation, Long Branch, New Jersey. 


PRESSURE PICKUP 240 


Small light-weight transducer, in absolute 
or gage models in pressure ranges from 
100 to 5000 psi, is especially adaptable to 
pressure measuring in corrosive, explosive 
or radioactive atmospheres, such as those 
encountered in water depth-determination, 
pressures in oil wells, liquid oxygen sys- 
tems and gas or pipe lines. Consolidated 
Electronics, Pasadena, California. 


COUNT RATE METERS 252 


7 models of series CRM count rate meters 
including linear, log, and differential count 
rate units. Bulletin suggests uses and ap- 
plications, describes circuits, ranges, etc. 
Victoreen Instrument, Cleveland, Ohio. 


SIGNALING CONTROLLER 245 


Designed for two-position (OFF-ON) con- 
trol, this potentiometer type instrument is 
used for accurate and automatic control of 
many industrial processes, furnaces, ovens, 
molding machines, casting machines, pick- 
ling tanks, and extruders and may be used 
with any sensing element that generates a 
DC signal. Corrective action occurs al- 
most simultaneously with deviation of the 
input signal from the preset control point. 
Thermo Electric Co., New York, N.Y. 


PRINTED CIRCUIT POT 172 


Hermetically sealed, wire-wound, sub- 
miniature circuit balancing pots, less than 
3/16 x 5/16 x 1, operate at 1.0 watt and a 
maximum temperature of 175C. Trimpot 
Div., Bourns Labs., Inc., Riverside, Cal. 


VOLTAGE REGULATORS 155 


60 page booklet gives application, descrip- 
tion, selection, weights, dimensions, and 
connection diagram for G. E.'s redesign of 
dry type and liquid filled voltage regulators 
60 and 400 cycles. Dry type single-phase 
units are offered in ratings up to 180 kva, 
600 volts and below, three-phase up to 720 
kva for industrial and electronic applica- 
tions, with manual, motor-driven, or auto- 
matic control; liquid filled units are rated 
up to 2,200 kva, 13,800 volts and below. 
General Electric Co., Pittsfield, Mass. 
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AIRCRAFT TEMPERATURE CONTROL 158 


An electromechanical system control ampli- 
fier, rotary actuator, thermistor probe au- 
tomatically holds temperature of liquids, 
air or solids within prescribed limits in air- 
craft, missile and related applications. 
Airborne Accessories Corp., Hillside, N. J. 


HIGH AND LOW PRESSURE 153 
IN-LINE FILTERS 


High and low pressure T-type in-line filter 
assemblies, replacement filter elements, 
dual bowl] filters and differential pressure 
indicator filter assemblies for filtering liquid 
oxygen (minus 300F); liquid nitrogen; avia- 
tion gasoline; kerosene, RP-1; JP-4; JP-5; 
Mil-H-5606; OS-45; Skydrol 500; Oronite 
8200; Oronite 8515; Water: acetone; gaseous 
nitrogen; helium; Mil-L-7808; lubrication 
oils; and other related fluids range from 2 
to 250-microns, and cover flow ranges from 
one to 24-gpm with Mil-H-5606 and 200 to 
2,500-sefm with air at 3000 psi. Bendix Avi- 
ation, Madison Heights, Michigan. 


3-RING SPEED REDUCERS 157 


Four page brochure details self-cooling, fin 
and fan equipped speed reducers. Ohio 
Gear Co., Cleveland, Ohio. 


REED RELAY 156 


Incorporating the double reed _ principle, 
these relays have applications in selective 
signalling systems, control systems, vibra- 
tion analysis and telemetering. One partic- 
ular provides 32 channels from 300 to 1000 
cps., band widths of less than 1% per cent 
with a sensitivity of 1.5 milliwatts is less 
than ™% inch square by 1% inch in length, 
weighing less than 10 grams, North Tona- 
wanda Division, The Wurlitzer Company, 
North Tonawanda, N. Y. 


TEMPERATURE INDICATION AND CONTROL 169 


Series of data sheets on direct reading 
temperature indicators, thermal ribbons for 
measurement and control, resistance tem- 
perature detector and thermal heaters con- 
tain engineering application specs for de- 
sign engineers. Minco Products, Inc., Min- 
neapolis, Minn, 


PULSE GENERATOR 257 


Pulse generator for calibration of multi- 
channel pulse height analyzers with 2° 
channels. The Victoreen Instrument Co., 
Cleveland, Ohio, 


PRINTED CIRCUIT CONNECTORS 150 


Catalog contains electrical and mechanical 
specifications, dimensional drawings and 
basic design features on a new series of 
two-unit connectors for use in printed cir- 
cuitry. Uses include: connector networks 
for guided missiles, radar computers, com- 
munication systems and forms of instru- 
mentation for ground and airborne applica- 
tion, both military and commercial. U. S. 
Components, Inc., New York, N. Y. 


THERMISTOR TEMPERATURE CONTROL 181 


Complete specifications, available temper- 
ture sensing probes, and suggested applica- 
tions of new transistorized thermistor con- 
troller, Series 535, for packaging, printing, 
synthetic fiber processing and general in- 


dustrial storage. Fenwal, Ine., Ashland, 
Mass. 
STUD-TYPE TERMINAL BLOCKS 239 


Stud-type molded-barrier terminal blocks 
available in various sizes accommodating 
from 1 to 26 stud posts, and in current- 
handling ratings from milliamperes to 90 
amperes for commercial use, and in CFG, 
MFE, MAI-60, MME and MDG to meet 
military MIL-M-14 specs. Kulka Electric 
Corp., Mt. Vernon, New York, 


INSTRUMENT CHOPPER 255 


Instrument chopper catalog incorporates 
glossary of chopper terms, component spe- 
cifications, technical description of chopper 
test and evaluation equipment as well as 
details on new miniature OPDT and SPDT 
choppers. James Vibrapowr Co., Chicago, 
Illinois. 
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BORG MICRODIALS... 





«+ When accurate readings 
are a must! 


FOR ACCURATE 
READING...INSTANTLY! 


Borg Microdials provide fast, accurate dial readings at a 


glance, The inline digital presentation of these dials permits 





maximum reading speed even under forced fast reading con- 
ditions. Settings are made just as easy . . . just as quick, 


Finger-tip brake locks settings in place. Available 


in three-digit ten-turn, four-digit hundred- 





turn and five-digit thousand-turn 
models. Also available are con- 
centric scale dials for devices of 
ten turns or less. Get the com- 


plete Microdial story from Borg today. 


WRITE FOR CATALOG BED-A90 


BORG EQUIPMENT DIVISION 


AMPHENOL-BORG ELECTRONICS CORPORATION 
JANESVILLE, WISCONSIN 





MICROPOTS « MICRODIALS «+ INSTRUMENT MOTORS * FREQUENCY STANDARDS 
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BLOWERS 


Heinze D Blowers dissipate 
heat in a variety of cooling oper- 
ations — such as in electronic 
equipment, vending machines, 


refrigeration units, induction 
heaters, photographic dark 
rooms. 

Single unit delivers up to 55 


cfm at 3200 rpm; double unit op- 
erates at 3100 rpm to deliver 100 
cfm. 

Both units are powered by 
long-lasting, trouble-free 2 pole 
induction motors, with hp rat- 
ings from 1/150 to 1/100, CW or 
CCW, 115V, 60 cycle. Other 
voltages or 50 cycle operations 
| are available. 





Send coupon for catalog. 


ELECTRIC COMPANY 
685 Lawrence St. 
Lowell, Mass. 


SUB-FRACTIONAL HORSEPOWER MOTORS AND BLOWERS 


Heinze Electric Company, Dep't. ED 
685 Lawrence St., Lowell, Mass. 


Please send free ‘catalog on Heinze Sub-Fractional 
Horsepower Blowers and Motors. 


Mame & THC. occ cccesescccccceces Sipesesites 
eee asibhlebaes Gouna pans 
Street BNO... ccccccccccccccccccccccssescsocece 
City & State... ..ccccree ee EE datlasocekens 
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VERNIER VARIABLE RESISTOR 259 


Designed for fine tuning applications, Ver- 
nier carbon variable resistor has 12-14 to 1 
ratio and is 15/16 inches in diameter. Chi- 
cago Telephone Supply Co., Chicago, IIl. 


RECORDING AND MEASURING INSTRUMENTS 160 


16 page catalog describes entire line of dy- 
namic-measuring and recording instruments 
including oscillographs, data amplifiers and 
bridge balances; vibration measuring equip- 
ment; and power supplies. A summary of 
specifications for CEC standard galvano- 
meters is also included. Consolidated Elec- 
trodynamics Corp., Pasadena, Calif. 


GYROS 242 


Two brochures on floated free gyros and on 
rate gyros present typical gyro designs 
major design features, and application ad- 
vantages and _ specifications. Daystrom 
Pacific, Los Angeles, Cal. 


DISC THERMOSTATS 176 


Bimetal disc thermostats for use in elec- 
tronic, avionic and missile applications re- 
quiring narrow differentials and close tem- 
perature control. Stevens Manufacturing 
Co., Mansfield, Ohio. 


BIMETAL THERMOSTATS 248 


19 types of bimetal thermostats for use in 
appliances, apparatus, electronic and avi- 
onic applications are described in bulletin. 
Stevens Mfg. Co., Mansfield, Ohio. 


FAR-INFRARED HEATERS 182 


Heaters, using the far-infrared wavelength, 
useful for the drying, curing and baking 
of plastic textiles, paper and inks, ceramic 
products and for metal and glass work 
with ratings ranging from 375 watts and 
lengths from 12% inches. Edwin L. Wie- 
gand Co., Pittsburgh, Pa. 


IRON BEARINGS 241 


More economical than bronze bearings, new 
self-lubricating iron Oilite 212 bearings, 
suitable for many ‘‘bronze’’ applications, 
are described with complete performance 
data, properties, recommended uses and 
other “how to use information.” Amplex 
Div., Chrysler, Detroit, Mich. 


MINIATURE PLASTIC SWITCHES 178 


Ten models, with actuating button in center 
position cover an operating force range of 
3 to 20 ounces; 9 models with actuating 
button in off-center position operate in 
range of 2.5 to 60 grams. Both series meet 
MIL specs. Haydon Switch, Inc., Water- 
bury, Conn. 


RECTANGULAR CONNECTORS 163 


Specs of miniature rectangular connectors 
describe several closed ring contact ar- 
rangements for heavy duty power applica- 
tions. DeJur-Amsco Corp., Long Island 
City, New York. 


ELECTRO-SHEAVE BROCHURE 243 


New electro-sheave brochure describes in 
detail new clutch-pulley package for direct 
installation on standard electric motors 
from 1 to 25 hp. Warner Electric Brake & 
Clutch Co., Beloit, Wisc. 


SUBCARRIER OSCILLATOR CALIBRATOR 151 


For instrument laboratory and field calibra- 
tion of the subcarrier oscillators used in 
FM telemetering and is also adaptable to 
high speed automatic checkout systems. 
Wayne D. Patterson, Inc., L. A., Cal. 


HEAT EXCHANGER 120 


19 page catalog explains where integral 
finned tubes should be used, how fins affect 
the design of heat exchangers and fouling 
factors, and a comparison of finned and 
bare tube exchanger costs. Wolverine Tube, 
Allen Park, Mich. 


CARRIER AMPLIFIER 133 


Bulletin describes system features double 
integration function with sections on con- 
trols and indicators, physical description, 
and specifications. Consolidated Electro- 
dynamics Corporation, Pasadena, California, 


MINE SAFETY DEVICE 135 


Data includes schematic diagram and de- 
tailed explanation, general electrical speci- 
fications for use in protection against 
ground faults and short circuits on D. C, 
operated off-track mining machines and 
their trailing cables. Joy Manufacturing 
Co., St. Louis, Mo. 


PLASTICS 161 


Catalog, price list, specs., and table of 
properties of various plastics—plexiglas, 
cadco, teflon, nylon, vinylite, acetate, buty- 
rate, styrene, polyethylene, mylar, kel-f, 
fiberglass, phenolic and implex—are pre- 
sented in quick reference form. Cadillac 
Plastic and Chemical Co., Detroit, Mich. 








FORCE BALANCE PRESSURE TRANSDUCERS 149 


Brochure describes three basic force bal- 
ance pressure transducers. Designed for use 
static pressure, pressure ratio, and pressure 
difference in very intricate air data com- 
puters. Transmission of computed quanti- 
ties by means of electrical servo loops per- 
mits remote indication and tie-in with nav- 
igational computers, auto-pilots, and other 
systems for aircraft and missile control. 
M. Ten Bosch, Inc., Pleasantville, N. Y 


GROUND SUPPORT EQUIPMENT 129 


GSE bulletin for countdown and _  »pre- 
countdown checkout details, static check- 
out unit, dynamic checkout unit and 
Ullage simulation assembly. Consolidated 
Electrodynamics Corp., Pasadena, Cal. 


MECHANICALLY HELD 
AUTOMATIC TRANSFER SWITCH 180 


Automatie transfer switch, with an arc 
chute design that provides protection of 
all main contacts, is available in NEMA 
size. Zenith Electric Co., Chicago, II. 


SWITCH ACTUATED BY HOOK 134 
2 series of switches designed for use 
where it is desirable to actuate the switch 
by hanging an accessory on a hook, such 
as hanging up a head set or microphone. 
Silver contacts rated at 3 amps, 120 volts, 
ac non-inductive load are standard. Switch- 
craft, Inc., Chicago, Il. 


ELECTRONIC COOLING UNITS 165 


Design details and application information 
on single and dual blower units for elec- 
tronic cooling applications; units meet 
MIL specs; various designs for computers, 
control panels, telemetry cabinets, consoles, 
and special designs for custom applications. 
McLean Engineering Labs, Princeton, N. J. 


A-C SNAP SWITCHES 168 


Four page bulletin details advantages, de- 
signs and applications of these switches. 
Circle F Mfg. Co., Trenton, N. J. 


ROTARY SWITCHES 224 


Complete specifications and design infor- 
mation on 4 separate types of multiple 
rotary switches are detailed with cross 
reference to applicable BuShips drawing 
no. Couch Ordnance, Inc., N. Quincy, Mass. 


TIMING DEVICES 206 


Brochure gives specs and diagrams of 
mechanical timers, time switches and time 
delayed relays developed for military and 
industrial use. M. H. Rhodes, Inc., Hart- 
ford, Conn. 


MAGNETIC DISC BRAKES 204 


Bulletin describes direct-acting magnetic 
disc brakes and gives formulas based on 
torque and thermal capacity. Dings 
Brakes, Inc., Milwaukee, Wisconsin. 
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Daven’s New Series G Sub-Miniature Switch...1/2”’ Diameter! 


A new sub-miniature rotary selector switch, developed by 
DAVEN, is specifically suited for application in missiles, 
aircraft, handy talkies, field pack sets, frog-man communi- 
cation equipment, and all types of mobile apparatus. This 
explosion-proof, waterproof switch has the same reliability 
as its bigger brothers... but in a fraction of the space. 
It meets applicable military specifications on tempera- 
ture, humidity, corrosion, vibration, acceleration, shock 
and immersion. 


This unit is available as a single pole, 10 position switch 
and can be obtained with up to four poles on a single deck. 
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Contact Resistance: Less than .008 ohm. 


Contact Rating: 1 ampere, 250V D.C. into resistive load. 
350 MA, 100V D. C. into inductive load. 


Insulation Resistance: 200,000 megohms between any two 
terminals or between any terminal and shell. 
Measured at 25° C., 50% RH, at sea level. 


Life Expectancy: 50,000 cycles minimum 
Shaft and case: Stainless steel 
Panel and hub: Glass filled epoxy 
Contacts and terminals: Silver alloy 
Rotors: Rhodium plated beryllium copper 


“ DAVEN 


LIVINGSTON, NEW JERSEY 


onthe new Series G Sub-Miniature Rotary Switch. 
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STANDS FOR DEPENDABILITY! 














| CHANCE VOUGHT, MARTIN and other leading aircraft and missile manufactu 
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FOR ALL YOUR 
PRESSURE- 
SWITCH 
REQUIREMENTS 


These are but two of the 





3 " many types*® of pressure switches 
| 4 engineered and manufactured by Gorn. 
Absolute pressure switches... gage 


pressure switches ...differential pressure ¥ 
switches...thermal pressure switches... for the 
many fluids and gases, the wide range of pressures 
and other conditions encountered in defense and civilian 
applications...Gorn experience embraces them ail. 






































..as basic as an ALTITUDE SWITCH or as advanced as a MACH NUMBER SWITCH 
One of Gorn’s most widely “tage scarps eenigrs xine A Gorn achievement in pressure- 
used pressure switches, this switch engineering, this absolute 
altitude switch has been 1.25 oz Weight 1.4 Ib pressure ratio switch performs 
stepped up in performance - with rugged dependability and 
for today’s higher flying air- Taboos tt | ting Renee of | Mach .75 te broad-range versatility. Actuation 
craft. Can be set to respond = iw pega tt at re as: and reactuation band setting ad- 
te any pressure from 50 to SPDT LO SPDT justable for response at specified 
4 psia—equivalent to | 18:30 voc, a ay 28 VOC, ratios and values of Mach num- 
80,000 ft.! Lightweight, in- bers from .75 to 3.00, at altitudes 
expensive, unusually com- | —83t0 20erlnatings |—estoz12r| UP to 70,000 ft. Stable under 
pact...dependability proved —65 to 400F} Available severe vibration...available from 
by years of use. It will be o- Vibration present production. Proved by 
used on the USAF TITAN 5-500 cps | fatings up t | 5.500 cps thousands of hours service on high 
missile built by Martin at Higher fb performance jet aircraft including 
Denver. Eretseies the Chance Vought CRUSADER. 

MIL-E-5272A| Ratings to MIL-E-5272A 
a Specification 















For your free copy of the 

new technical brochure, ‘‘Se- 

lection and Application of 

Pressure Switches,” tear off be- 

low the dotted line, check the 

types of pressure switches in which 
you're especially interested, write 
your name and address in the — 
of this magazine page and send to . 


AIRCRAFT CONTROLS CO. 
Div. Gorn Electric Co., Inc. 
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a masculine phase succeeding upon a feminine one. 

Strictly speaking, I have investigated this first phase 
only, that which comes easily and without effort as a 
spontaneous expression of an integrated person or of a 
transient unifying within the person. It can come only if 
a person’s depths are availabie to him, only if he is not 
afraid of his primary thought processes. 

I shall call “primary creativity” that which proceeds 
from and uses the primary process much more than the 
secondary processes. The creativity which is based mostly 
on the secondary thought processes, I shall call “secondary” 
creativity. This latter type includes a large proportion of 
production-in-the-world, the bridges, the houses, the new 
automobiles, even many scientific experiments and much 
literary work which are essentially the consolidation and 
exploitation of other people’s ideas. It parallels the differ- 
ence between the commando and the military police be- 
hind the lines, the pioneer and the settler. That creativity 
which uses both types of process easily and well in good 
fusion or in good succession, I shall call “integrated creativ- 
ity.” It is from this kind that comes the great work of art 
or philosophy or science. 


CONCLUSION 


The upshot of all of these developments can, I think, 
be summarized as an increased stress on the role of integra- 
tion (or self-consistency, unity, wholeness) in the theory 
of creativenes. Resolving a dichotomy into a higher, more 
inclusive unity amounts to healing a split in the person 
and making him more unified. Since the splits I have been 
talking about are within the person, they amount to a 
kind of civil war, a setting of one part of the person 
against another part. In any case, so far as creativeness 
SA is concerned, it seems to come more immediately from 
fusion ot primary and secondary processes rather than from 
working through the repressive control of forbidden im- 
pulses and wishes. It is, of course, probable that defenses 
arising from fear of these forbidden impulses also push 
down primary processes a kind of total undiscriminating, 
panicky war on all the depths, But it seems that such lack 
of discrimination is not, in principle, necessary. 

To summarize, creativeness SA stresses first the personal- 
ity rather than its achievements, considering these achieve- 
ments to be epiphenomena emitted by the personality and 
therefore secondary to it. It stresses characterological qual- 
ites like boldness, courage, freedom, spontaneity, perspi- 
cuity, integration, self-acceptance, which make possible the 
kind of generalized creativeness I’ve been talking about, 
which, in turn, expresses itself in the creative life or the 
creative attitude or the creative person. I have also 
stressed the expressive or “Being” quality of creativeness 
SA rather than its problem-solving or product-making qual- 
ity. Creativeness SA is “emitted” like radioactivity and 
hits all of life, regardless of problems, just as a cheerful 
person “emits” cheerfulness without purpose or design or 
even consciousness. It is emitted like sunshine; it spreads 
all over the place; it makes some things grow (which are 
growable) and is wasted on rocks and other ungrowable 
things. 

As I come to the end I am quite aware that I have been 
trying to break up widely accepted concepts of creativity 
without being able to offer in exchange a nice, clearly 
defined, clean-cut substitute concept. Creativeness SA 1s 
hard to define because sometimes it seems to be synony- 
mous with health itself, as Moustakas has suggested in 
The Self (Harpers 1956). And since self-actualization or 
health must ultimately be defined as the coming to pass of 
the fullest humanness, or as the “Being” of the person, it is 
as if creativity SA were almost synonymous with, or a sine 
qua non aspect of, or a defining characteristic of, essential 
humanness. END 
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WORTH FILING F 
Synchronous Motor 


12 page bulletin describes a new enclosed permanent mag- 
net type of synchronous motor for application in servo 
mechanisms, automatic machines, remote control and nu- 
merical control systems. At 60 cycles speed remains accu- 
rately at 72 rpm without gear reduction; torque is 150 oz-in, 
Because the motor has 3 leads only, a single-dash pole, 
3-position switch gives instant starting, stopping and re- 
versing. When used as a stepping or inching motor, d-c 
impulses are converted into either 200 or 400 precise 
increments of one revolution of the motor shaft. 

Source: Superior Electric Co., 


Bristol, Connecticut. 
For Your Copy: Circle No. 167 on Ingiury Card 
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Ceramic Trimmer Capacitors 


Precision ceramic trimmer capacitors, designed and built 

in accordance with MIL-C-81A, have an extremely linear 

change in capacity making them especially useful for pre- 

cision applications. Centralab, Milwaukee, Wisconsin. 
Circle No. 228 on Inquiry Card 
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Handling And Power Equipment 


Complete data on parts handling equipment, power recti- 
fication equipment, mechanical shaft seals, paper joggers, 
portable power tools, flow control valves, level switches 
and other product lines. 
Source: Syntron Company, 1185 

Homer City, Pa. 
For Your Copy: Circle No. 225 on Inquiry Card 
Combined Plug-Socket 
A new universal electric connector, a combined plug-or- 
socket unit handles up to 26 circuits and eliminates the need 
for matching male with female connectors in communica- 
tions and other equipment. A $1,200,000 Defense Depart- 
ment contract for the device has been received, and produc- 
tion is under way, said Mr. H. R. Cammer, president of 












Specialty Electronics Development Corporation, pointing 
out that the connector, first of its kind to be made in the 
U. S., “has a number of valuable commercial applications 
in telephone, telegraph and other electrical circuits”. The 
new type connector, a “non-reversing hermaphrodite”, acts 
as both plug and socket at either end of a multi-circuit tele- 
phone or telegraph cable, and is highly important for mili- 
tary purposes in making rapid connections under mobile 
field conditions. Any connector can be plugged directly into 
another without regard to polarity or change in conductor 
path. The unit being made under the current defense con- 
tract, Mr. Cammer said, is designed to connect up to 26 
circuits in a telephone cable. The basic principle, however, 
can be used for a single power or communications circuit, 
or an even larger number of cable circuits if required. 
“Eliminating the need for adapters or junction boxes in any 
type of electrical hook-up, either for power communica- 
tions, the new connector eliminates the potential error of 
mismatching cable ends, or the possible need for soldering 
new connections. It also provides substantial operating eco- 
nomics since there is no need to carry inventories of adapters 
and junction boxes.” Specially designed for the rugged field 
conditions, the unit is only 2% inches in diameter and 7 
inches long. Of completely waterproof construction, it has a 
unique arrangement of pins for maximum insulation of each 
circuit. All electrical contacts are gold-plated to prevent 
corrosion and loss of conductivity. 


Circle No. 247 on Inquiry Card 
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